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(57) Abstract 

A modular manifold system 
is provided for interconnecting 
fluid components of a fluid system 
in a reduced area. The system is 
comprised of one or more bridge 
fittings having an internal fluid 
passageway which has an inlet end in 
fluid communication with an outlet 
port of a first fluid component, and 
an outlet end in fluid communication 
with an inlet port of a second fluid 
component. The bridge fittings may 
additionally comprise two or more 
ports, which one of said ports may 
be in fluid communication with a 
manifold on another substrate level. 
The bridge fittings may be mounted 
within a channel of a backing plate 
for structural support or in channel 
blocks of varying sizes. An optional 
locator plate may be utilized which is 
mounted over the ends of the bridge 
fittings in order to align the inlet and 
outlet ports of the fluid components 
with the inlet and outlet ends of the 
bridge fittings. The bridge fittings 
may also be mounted to the locator 
plate in multiple directions forming 
multiple flow paths. Additionally, 
the bridge fittings may be stacked to 
form multiple layers where bridge fittings of one layer may be in fluid communication with bridge fittings of another layer. The invention 
may further comprise seals provided in a recess between the fluid ports and the mating bridge fittings ends. 
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Title of the Invention 
MODULAR SURFACE MOUNT MANIFOLD ASSEMBLIES 

5 

Field of the Invention 

The invention relates in general to manifolds for fluid systems, and more particularly, 
the invention relates to a modular gas distribution system for use in high purity fluid systems 
and corrosive fluid systems such as gas systems used, for example, to manufacture 
1 0 semiconductor wafers. 

Background of the Invention 

This application claims the benefit of International patent application No. 
PCT/US99/04973 filed on March 5, 1999, and U.S. provisional application No. 60/085,817 
filed on May 18, 1998 and U.S. provisional application No. 60/102,277 filed on September 
15 29, 1998. 

To manufacture semiconductors, the industry uses various high purity gases. These 
gases are controlled by systems made up of high purity valves, regulators, pressure 
transducers, mass flow controllers and other components connected together by welding and 
high purity metal seal fittings. These connections may be undesirable in some applications 

20 because they add additional time and cost for welding operations, unnecessary space between 
components and make it difficult to replace a component located between other components. 
Further, these systems are typically custom designed and manufactured which make the 
manufacturing costs and procurement of replacement parts quite expensive. 

New modular manifold systems have been recently introduced into the industry in 

25 order to overcome these problems. Typical components of these systems such as valves, 
pressure regulators and other typical fluid components have been reconfigured so that their 
inlet and outlet ports and attachment mechanisms are compatible with surface mount 
manifolds. These manifolds are typically comprised of modular blocks which are machined 
of high purity metal and have machined internal flow passageways. These prior art modular 

30 systems typically utilize a metallic seal between the component and a modular block face, as 
well as face seals machined on the exterior sides of the modular block faces for sealing 
engagement with mating modular blocks. One objective of such systems is to use surface 
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mount standard configurations based upon industry standards to permit interchangeability of 
surface mount components. 

One disadvantage to these type of prior art modular systems is that the entire modular 
block is made of high purity metal. Further, these block components also have higher 
5 manufacturing costs due to the complexity of machining multiple passageways of a single 
block as well as a higher risk of expensive scrap being formed due to the manufacturing 
complexity. In addition, the mating blocks require the use of mating seals therebetween, 
which require additional manufacturing time, and further require proper installation and 
makeup torque of the fastener members in order to ensure a leak-tight seal. 

10 

Summary of the Invention 

Thus it is desired that a modular manifold design be provided which eliminates the 
seals between modular mating blocks, dramatically reduces the amount of expensive material 
15 utilized, and results in a simpler and less expensive system to manufacture while providing a 
reduced system footprint or envelope which meets or surpasses the performance, integrity 
and reliability of existing systems. 

The invention provides in one aspect a bridge fitting for use in a fluid manifold 
system for being in fluid communication with one or more fluid components, such as valves, 

20 regulators, pressure transducers, mass flow controllers, and the like. The bridge fitting 
comprises a first elbow fitting connected to a second elbow fitting, with the connected elbow 
fittings having an internal fluid passageway therethrough. The internal passageway of the 
bridge fitting has an inlet end and an outlet end, with the inlet end in fluid communication 
with an outlet port of the first fluid component, and the outlet end of the bridge fitting in fluid 

25 communication with an inlet end of a second fluid component. 

The invention provides in another aspect a bridge fitting for use in a fluid manifold 
system for being in fluid communication with three or more fluid components, wherein one 
or more of said fluid components has a single port. The bridge fitting comprises a first and 
second elbow fitting having a respective end connected to a tee fitting. The tee fitting is 
30 located between the elbow fittings, with each of the elbow fittings and the tee fittings having 
an internal fluid passageway in fluid communication with each other. The internal 
passageway of the fittings have an inlet end and a first and second outlet end, with the inlet 



end in fluid communication with an outlet port of the first fluid component, and the outlet 
ends of the fluid passageway being in fluid communication with an inlet end of a second and 
third fluid component, respectively. 

5 The invention provides in yet another aspect a modular fluid manifold system for 

connecting with one or more surface mount type fluid components having an inlet port and an 
outlet port, the modular system comprising: one or more bridge fittings having an internal 
fluid passageway therethrough; the internal passageway of the bridge fitting having an inlet 
end for connecting to an outlet port of the first fluid component, and an outlet end for 

10 connecting to an inlet port of the second fluid component, whereby the internal fluid 
passageway of the bridge fitting is in fluid communication with the first and second fluid 
components when the system is assembled. 

Still further, the invention provides a modular fluid manifold system for connecting 
with one or more fluid components comprising an inlet port and one or more outlet ports. 

15 The manifold system comprises one or more bridge fittings having an inlet end and an outlet 
end and an internal passageway joining said ends therethrough. The system further includes 
a locator plate having an upper surface for mounting the fluid components thereon and a 
plurality of holes aligned with the inlet and outlet ports of the fluid components. The locator 
plate has a lower surface for mounting the bridge fittings thereto. The inlet end of each of the 

20 bridge fittings are in fluid communication with an outlet port of a fluid component, and an 
outlet end of each of the bridge fittings are in fluid communication with an inlet port of 
another fluid component. 

These and other features and advantages of the invention will become apparent in the 
detailed description and claims to follow, taken in conjunction with the accompanying 

25 figures. 

Brief Description of the Drawings 

The invention may take physical form in certain parts and arrangements of parts, a 
preferred embodiment of which will be described in detail in this specification and illustrated 
30 in the accompanying drawings which form a part hereof, and wherein: 

Figure 1 is a perspective view of the complete manifold assembly shown with 
representative components and seals incorporating features of the subject invention; 
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Figure 2 is an exploded perspective of a manifold assembly and representative 
components and seals incorporating features of the subject invention as shown in Figure 1; 

Figure 3 is an exploded elevational view of a portion of the manifold of Figure 2, 
showing one complete gas bridge located between two partially illustrated gas bridges and 
5 showing an optional representative seal; 

Figure 3 A is a cross-sectional view of the assembled manifold portion of Figure 2; 

Figure 3B is a cross-sectional view of an alternative gas bridge incorporating a tee 
fitting and an additional tube section, in addition to the two elbows and the tube section 
shown in the complete gas bridge 8 illustrated in Figures 3 and 3a; 
10 Figure 4 is a perspective view of an alternative manifold system of the present 

invention which incorporates multiple flow paths extending in various directions; 

Figure 5 is an exploded perspective of an alternative embodiment of the manifold 

assembly incorporating features of the subject invention; 

Figures 5A-D are perspective views of the retaining clips of the invention; 
15 Figure 6 is a partial exploded, longitudinal cross-sectional view of two bridge fittings 

50 and a corresponding sealing retainer 90 and mating fluid surface component of the 
assembly as shown in Figure 5; 

Figure 7 is a plan view of a more complex fluid system including multiple fluid lines; 
Figure 8 is a perspective illustration of another embodiment of the manifold assembly 
20 of Figure 1 using a plurality of flow channels in an upper and lower substrate level; 

Figures 9 and 9A are perspective illustrations of two manifold substrates and a cross- 
purge channel; 

Figures 10A-D illustrate various stages of assembly of two endwise connected 
substrates with Figure 1 0D in cross-section; 
25 Figures 1 1 A and 1 IB illustrate an alternative embodiment for joining substrates used 

in a manifold assembly such as in Figure 8; 

Figures 12A and 12B illustrate a substrate with a check valve mounted therein; 



Figure 13 is a perspective view of yet another embodiment of a manifold assembly of 
the present invention; 

Figure 14A is a perspective view of the invention of Figure 13 shown with the flow 
components removed from the manifold assembly; 
5 Figure 14B is a top view of the invention as shown in Figure 14A; 

Figures 15 A, 15B and 15C illustrate a perspective, top and side view, respectively, of 
an alternate embodiment of the flow bridges; 

Figures 16A-16C illustrate a perspective, top and side view of a drop down flow 

bridge; 

10 Figure 17 is a cross-sectional view in the direction 17-17 of the invention as shown in 

Figure 14B; 

Figure 18 is a cross-sectional view in the direction 18-18 of the invention as shown in 
Figure 14B; 

Figure 19 is a cross-sectional view in the direction 19-19 of the invention as shown in 
15 Figure 14B; 

Figures 20A, 20B and 20C illustrate a perspective, top and side view, respectively, of 
an alternate embodiment of the flow bridges; 

Figure 21 illustrate a perspective view of a multiport flow bridge shown in different 

sizes; 

20 Figures 22A-22B illustrate a perspective and side view of a seal retainer, while Figure 

22C illustrates the seal retainer of 22A-B in use with a drop down flow bridge; 

Figures 23A-23C illustrate a perspective and side view of an alternative embodiment 
of a seal retainer; 

Figures 24A-24C illustrate a perspective and side view of additional alternative 
25 embodiments of a seal retainer; 

Figures 25A and 25B illustrate top and perspective views respectively of an alternate 
embodiment of the substrate manifold having tabular mounting flanges; 

Figure 26 is a perspective view of a lower substrate manifold shown with retainer 

straps; 

30 Figure 27 A is a side view of the manifold assembly of Figure 26 in the direction 27 A- 

27 A, and Figures 27B-27D are cross-sectional views of the upper and lower substrate shown 
with an alternative embodiment of the lower substrate level; 

Figure 28 is a perspective view of an alternative embodiment of the upper and lower 
substrate levels; 
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Figures 29A and 29B illustrate the preload and load condition respectively, of a 
heated manifold assembly; and 

Figures 30A and 30B illustrate cross-sectional views of alternative embodiments of 
the upper substrate level. 

Detailed Description of the Invention 



Referring now to the drawings wherein the drawings are for the purposes of 
illustrating the preferred embodiments of the invention only and not for purposes of limiting 

10 same, a unique manifold system is shown in the Figures 1 - 30. The inventions as shown and 
described in the Figures are useful, for example, as part of a high purity modular gas 
distribution system used in the manufacture of semiconductor devices or other fluid systems 
which must withstand corrosive fluids. The present invention is not limited to the use in high 
purity fluid systems, and may be useful in any application relating to fluid flow control. 

15 Additionally, the various aspects of the present invention shown and described herein may be 
used separately or in various combinations as required for a particular application. 
Furthermore, although the preferred embodiments are described herein with reference to an 
exemplary modular manifold design, those skilled in the art will readily understand the 
invention can also be used in other modular system designs. 

20 Now referring to the drawings and more particularly Figure 1, a modular fluid 

manifold system 10 is shown assembled together with fluid flow control components such as 
valves 12, flow regulators 13, filters 14 and the like. The fluid components may be utilized in 
conjunction with the invention, but are not part of the invention. The fluid components 12-14 
are preferably surface mount type components, and each component has an inlet port 16 and 

25 may additionally comprise one or more outlet ports 18 as shown in Figure 3 A, which allow 
fluid communication to the fluid component A series of fasteners 22 of the fluid 
components pass through openings 24 in the base flanges 26 of the fluid components in order 
to secure the components to the modular manifold system 10. 

The modular manifold system 10 of the present invention may comprise one or more 

30 bridge fittings 50, an optional locator plate 30, an optional backing plate 40, optional end 
fittings 45, and optional sealing elements 60. These elements are described in more detail, 
below. The bridge fittings 50, as shown in Figure 3, may be in the form of two elbow fittings 
52 which are shown joined by an optional tubular extension 54 connected to the respective 
ends of the elbow fittings 52 by conventional means such as by welding. The elbow fittings 



52 have an interior fluid passageway 56 having an inlet end 58 and an outlet end 62,64, with 
the inlet end 58 having a 90 degree orientation with respect to the outlet end 62,64. The 
optional tubular extension 54 has an internal fluid passageway which connects with the 
adjoining fluid passageway of the two adjacent elbow end fittings 52, such that a U-shaped 
5 fluid passageway is formed within the interior of the bridge fitting 50. with the passageway 
having an inlet end 62 and an outlet end 64. 

As shown in Figure 3A, the inlet end 62 of the bridge fitting 50 is in fluid 
communication with a respective outlet opening 18 of a fluid component 12, and the outlet 
end 64 of the bridge fitting 50 is in fluid communication with the inlet port 16 of an adjacent 
10 fluid component 13. Thus the bridge fitting 50, acts as a "bridge" to transfer fluid between 
adjacent fluid components such as 12.13 without the need for metal to metal seals between 
adjacent bridge fittings 50, which is typically required by the mating of adjacent prior art 
modular blocks. It is preferred that the bridge fitting 50 be comprised of stainless steel such 
as 316, hastalloy, semiconductor quality material ('SCQ'), or other material suitable for use 
15 in conjunction with semiconductor processing fluids. However, for typical industrial 
applications, any suitable material such as plastic or metal would work for the invention. 

Moreover, the bridge fittings 50 are of a reduced dimension so that the amount of 
expensive material of the modular manifold can be substantially reduced. Prior art modular 
systems utilize modular manifold blocks, (with the surface mounted components thereon) 
20 made of expensive materials and which have the internal gas flowpaths integrally machined 
out of the manifold block. As the semiconductor industry moves toward standardization of 
modular gas system components, these modular manifold block components have a standard 
upper flange mounting surface area in order to mate with a standardized flange of a surface 
mounted flow component. Thus, the surface mounted flow components are readily 
25 interchangeable. Thus the prior art modular component blocks use a large volume of 
expensive material. The present invention provides a gas flow passage that is defined by a 
bridge fitting 50 which has a substantially reduced volume of expensive material as compared 
to the conventional prior art modular component blocks. This results in a more economic gas 
path manifold which is cheaper and easier to make than the prior art component blocks. 
30 As shown in Figure 1, the modular system 10 may also comprise end fittings 45, 

which comprise an elbow fitting having a 90 degree internal passageway connected to a 
standard fitting 46, such as a standard face-type fitting such as a Swaglok VCR® fitting 
(Swagelok Company, Cleveland, Ohio) or other suitable fitting for connecting with a fluid 
line. The end fitting 45 may be utilized as an inlet fitting or an outlet fitting which mates 
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with the fluid line (not shown). Thus, the outlet or inlet end of the elbow fitting is connected 
to the respective inlet or outlet end of a fluid component. It is preferred that the end fittings 
45 be comprised of stainless steel, 316 stainless, SCQ stainless or other material suitable for 
use in conjunction with semiconductor processing fluids, or the fluids of interest for a 

5 specific application. For typical industrial applications, the end fittings 45 may be comprised 
of any suitable material such as plastic or metal. 

The modular manifold system 10 of the present invention may further optionally 
comprise a backing plate 40. The backing plate 40 may comprise a flat plate, but it 
preferably has an interior groove or channel 42 for receiving a plurality of bridge fittings 50 

10 and end fittings 45 disposed therein. Each elbow fitting 52 of the bridge fitting 50 and the 
end fitting 45, has an exterior shaped body of an appropriate dimension which mates with the 
shape of the groove or channel 42 in order to prevent rotation of the bridge fitting 50 within 
the channel 42. It is preferred but not required that the external shape of the elbow fitting 52 
be rectangular or square. It is also preferred that the internal side walls 44 forming the 

15 channel 42 have a suitable dimension for closely receiving a square shaped body, or that two 
of the opposed side walls have an appropriate dimension for receiving a rectangular shaped 
body. The invention is not limited to the above mentioned shapes, as any complementary 
shaped channel with respect to the shaped body of the elbow fitting 52 would work for the 
invention. The backing plate 40 may be comprised of any suitable material such as metal and 

20 metal matrix composites, but it is preferably made of a low-cost lightweight material such as 
aluminum. Non-mettalic materials may also be utilized depending on the application, such as 
plastic. 

It is preferable that the manifold system 10 further comprise seals 60, which are 
received between the . mating inlet/outlet ports of the bridge fittings 50 and the fluid 
25 components. The seals 60 may be made of any suitable material such as elastomer, plastic, 
rubber or polymer material and preferably, a soft metal such as nickel. C seals may also be 
used, as well as composite seals to name additional examples. Other seal technologies which 
may used in conjunction with the invention will be readily apparent to those of ordinarily 
skill in the art. 

30 In a second embodiment of the invention as illustrated in Figures 2, 3 and 3A, an 

optional locator plate 30 may be utilized with the invention. The locator plate 30 has a 
plurality of holes aligned to receive the ends 62,64 of the bridge fittings 50 therein. The ends 
of the bridge fittings 50 are preferably slightly shorter than the thickness of the locator plate 
30 such that a recess is formed for receiving a seal 60 therein. The locator plate 30 
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additionally has holes 32 aligned for receiving fasteners 22 therein. Thus in order to 
assemble the system pursuant to the second embodiment of the invention, the bridge fittings 
are placed within the channel 42 of the backing plate 40, and then the holes of the locator 
plate are aligned with the inlet and outlet end of the bridge fittings 50. The locator plate is 

5 then lowered into position such that the ends of bridge fittings 50 are inserted through the 
aligned holes 34 of the locator plate 30. Fasteners 36 are then inserted through aligned holes 
38 of the backing plate for reception into aligned holes 39 of the locator plate 30. Lastly, the 
fluid components 12-14 are then secured to the locator plate 30 using fasteners 22. 

An alternative embodiment of a bridge-tee fitting 70 is shown in Figure 3B. This 

10 bridge fitting 70 may be used in conjunction with three adjacent fluid components, wherein 
the middle fluid component has only one inlet port, e.g., a pressure transducer, or a flow 
diverter which redirects a portion of the fluid flow along another flow path. The bridge 
fitting 70 is comprised of two elbow fittings 52, each having an internal fluid passageway in 
fluid communication with a tee fitting 72. The tee fitting 72 has an inlet end 74, and two 

1 5 outlet ends 76, 78. Outlet end 76 of the tee fitting 70 is in fluid communication with the inlet 
of a single port fluid component such as a pressure transducer. The outlet end 78 of the tee 
fitting is in fluid communication with the outlet end 80 of the bridge fitting. Thus the bridge 
tee fitting 70 has an inlet end 82 and two outlet ends 76 and 80, and may be used to "bridge" 
or transfer the flow between three adjacent fluid components, wherein the middle fluid 

20 component has only a single port in fluid communication with the flow passage through the 
fitting 70. 

Figure 4 shows yet another embodiment of a locator plate 80 designed for use with 
fluid flowing in multiple flow paths A, B, C and D. In order to better illustrate the invention, 
the backside of the locator plate is shown with respect to the bridges 50 (i.e., the opposite of 

25 Figure 2). The arrangement of the bridges 50 within the holes 82 of the locator plate allow 
for the combination or mixing of fluids from one or more flow paths. Thus as shown in 
Figure 4, four independent flow paths are shown (A, B, C and D) which are mixed together in 
desired proportions by fluid components (not shown) which result in the fluid outlet 86 of 
the system to be comprised of the fluids A, B, C and D mixed in a desired proportion. This is 

30 accomplished by using a fluid component such as a valve having a three port configuration 
(at locations 84) in order to allow for the mixture of the different fluids from separate flow 
paths. Note that the bridge fittings 50 are combined in a "pegboard" style arrangement in 
order to achieve the desired result as described above. Thus bridges 50 are used to interlink 
or join the separate flow paths in order to achieve the fluid mixing, without the need for any 
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specially adapted components. This is a distinct advantage over prior art block type modular 
designs, as a special block having three ports would be needed. 

In this embodiment of the invention, the locator plate 80 may be used both as a 
support for the bridges 50 and as a "locator" without the need for a support plate. The bridge 
5 fittings 50 may further comprise a threaded end (not shown) which can be inserted into 
aligned threaded holes 82 of the locator plate 80. The ends 62,64 of the bridge fittings 50 
may also be press fit into the aligned holes 82 of the locator plate 80 or be attached by 
retainer clips (not shown) to the locator plate. Other attachment means may be readily 
apparent to those ordinarily skilled in the art. 

10 In this embodiment of the invention, the ends 62,64 of the bridge fittings 50 may vary 

in height, with a height sufficient to allow multiple layers of bridge fittings (not shown). This 
cross layer feature would be useful, for example, if it were desired to provide purge gas in 
Line A to the other gas lines B, C and D. In order to accomplish this, a modified bridge 
fitting 50 would be needed which would additionally comprise a tee fitting for mating with 

15 the bridge fitting of an upper layer. The tee fitting would be located between the elbow 
fittings as shown in Figure 3B, and have an internal fluid passageway in communication with 
the internal fluid passageways of the elbow fittings. However, unlike Figure 3B, the opening 
of the tee fitting would be 1 80 degrees opposite of the openings of the elbow fittings in order 
to mate with the tee fitting of a bridge fitting located in another layer. Thus this embodiment 

20 of the invention would result in a fluid manifold system having multiple fluid flow paths, 
with said paths being capable of extending in multiple directions. Further, this embodiment 
allows for multiple or three dimensional layering of gas flow paths, wherein the fluid flow 
paths of one layer may be in fluid communication with the fluid flow path of another layer(s). 

In yet another alternative embodiment of the invention as shown in Figures 5 

25 and 6, the optional locator plate 30 has been eliminated. In place of the locator plate 30, seals 
60 are held in place by optional flexible retainers 90 which are made from a thin flexible 
material such as plastic or metal. These retainers 90 are commercially available by EG&G, 
Inc. Holes 92 of the retainer 90 align to receive fasteners 22 which are received within holes 
32' of the backing plate or channel block 40. Seals 60 such as c-seals are held in place by 

30 one or more support members 92. The seals 60 are precisely positioned within the retainer 90 
such that when holes 92 align with the fasteners 22, the seals 60 precisely align with the inlet 
16 and outlet 18 of the fluid components 12,14, and the respective outlet 64 and inlet 62 of 
the adjacent flow bridges 50. The flow bridge fittings 50 have been modified such that the 
vertical tubular extensions have been eliminated, such that when the flow bridges 50 are 
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positioned within the channel, the inlet and outlet ends 62,64 are flush or slightly recessed 
with respect to the upper surface 43 of the channel block 40. In addition, Figure 5 shows a 
different shape of the elbow fittings 52 which form the flow bridge 50. The elbow fittings 52 
are shown having a rectangular shaped body with the internal fluid passageway being 
5 machined such that the inlet end is approximately at about a ninety degree orientation with 
respect to the outlet end. Preferably, the inlet and outlet ports 62,64 of the flow bridges 50 
additionally comprise a circular recessed area about the pons for receiving a seal 60 partially 
therein. 

As shown in Figure 5, after all the elbow fittings 52 are secured together to form a 
10 flow bridge 50, the flow bridges are placed in the channel of the backing plate 40. Optional 
retaining clips 95 may be received about each flow bridge in order to retain the bridges within 
the channel. The retaining clips 95 may be inserted about each flow bridge 50 in, for 
example, the necked down regions defining the welded interconnection between adjacent 
elbow fittings 52. The retaining clips 95 as better shown in Figure 5A, are preferably a U- 
1 5 shaped configuration having parallel curved legs 96 having a wider spacing than the channel 
width, which results in a spring-like characteristic. Thus, when the parallel legs 96 are 
inserted around the flow bridge 50 within the channel, the flow bridges are retained within 
the channel due to the legs frictionally engaging with the sidewalls of the channel due to the 
spring force of the legs 96. Additionally, alternative embodiments of the retaining clip 97,98 
20 and 99 are shown in Figures 5B-D. 

As may be further appreciated, the backing plate or channel block 40 as shown 
in Figure 7. may further include a plurality of channels 42 with flow bridges 50 positioned 
therein for transporting the fluid flow of aligned flow components in a first direction, and one 
or more interlinking transverse or branch channels 41 with flow bridges positioned therein for 
25 transporting fluid in a second direction. Thus multiple flow paths are formed which allow the 
intermixing of fluid across different flow lines. The branch channels 43 preferably extend 
transversely across the channels 42 in the first direction to other adjacent channels 42. This 
would be useful, for example, in fluid systems which require purge air or fluid streams mixed 
together. 

30 With reference next to Figure 8, in accordance with another aspect of the invention, a 

cross-purge feature is illustrated for a manifold arrangement that uses a plurality of flow 
channel manifolds. The basic components of each of the flow channel manifolds may be as 
described herein with respect to the above described embodiments, with some modification 
as will be described herein shortly. 
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In Figure 8, three flow channel manifolds 100, 102 and 104 are provided. Each 
manifold is similar to the others in terms of its basic structural components, therefore only 
one manifold will be described herein in detail. In this embodiment, the three manifolds 100, 
102, 104 are aligned generally parallel and coplanar with each other. By way of example, the 
5 first flow channel manifold 100 includes a series of substrate structures 106 joined end to end 
to form a gas stick manifold. The other manifolds 102 and 104 include substrates 109, again 
of various available flow path configurations. Each substrate 106 is illustrated in an 
exemplary manner in Figure 9. In this case, each substrate 106 is at least large enough to 
have a surface mounted component 10 mounted thereon. Alternatively, various ones or all of 

10 the substrates 106 can be lengthened to allow more than one surface mounted component to 
be mounted thereon, as for example, the embodiment illustrated in Figure 5. Yet a further 
alternative would be to have a single substrate 1 06 of sufficient length to accommodate all 
the required surface mounted components for a specific gas stick. 

With reference to Figure 9, two substrates 106,109 are shown that lie adjacent each 

15 other, each substrate being from one of adjacent pairs of the manifolds 100, 102, or 104 of 
Figure 8. Each substrate structure or assembly 106 is similar in some respects to the basic 
substrate structure illustrated in Figure 5 in that the substrate 106 includes a channel block 
108 with a channel 110 formed therein. At least one flow bridge 50 formed of one or more 
flow bridge blocks 52 is closely received in the channel 1 10 and can be secured therein by a 

20 clip 95 if needed (not shown). As shown in Figure 5, the flow bridge 50 includes two ports 
62,64 that align with inlet and outlet ports 16,18 of a surface mounted flow control device 
(not shown) when the flow control device is mounted on the substrate 106. 

Seals such as C-seals 50 can be used to form fluid tight connections between the 
device ports 12, 14 and the bridge block ports 114, 116 as in the earlier described 

25 embodiments. As further described herein before, the flow bridge blocks 30 of endwise 
adjacent substrates (for example 106a and 106b in Figure 8) can be welded together using 
tube extensions. 

In accordance with the invention, the channel block 108 is preferably made of a low 
cost lightweight material such as aluminum, while the flow bridge blocks 30 which conduct 
30 the semiconductor processing gases are made of the more expensive semiconductor quality 
steel. 

As illustrated in Figure 9, the three gas stick manifolds 100, 102 and 104 may be 
mechanically joined or interconnected together as a single assembly by one or more 
crosswise arranged purge channels 120. In this embodiment, the cross-purge channels 120 lie 
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generally parallel and coplanar with each other and are mounted to the undersides of the 
manifolds 102, 104, 106. The purge flow channels can be used, for example, to supply 
purging gas to each of the gas stick manifolds 100, 102, 104. 

Each purge channel 120 may be machined from a low cost metal block such as 

5 aluminum or non-SCQ stainless steel. The purge channel 120 may include recesses 122 that 
receive respective substrates 106 to simplify alignment during assembly. The purge channel 
120 has a longitudinal recess 124 formed therein that closely receives a number of purge 
bridge blocks 126 joined end to end by tube extensions joined by welding, for example. The 
purge bridge blocks 126 can be made and interconnected substantially similar to the flow 

10 bridge blocks 50. A purge port 128 is provided in the purge block 126 that is in fluid 
communication with a purge port of a surface mounted component 10 (not shown in Figure 
9) via a conduit 130 having a straight through flow path that is mounted through a hole in the 
above-mounted substrate 106. An adapter or transition tube block 132 may be used to 
provide a purge port 133 for connection to the surface mounted component 10 as needed. As 

15 shown in Figure 9, the transition tube 132 may be used in combination with two bridge 
fittings 50, for example, to provide purge gas to a three port valve. Thus the one end of the 
bridge fittings located on either side of the transition tube 132 form three adjacent ports 1 14, 
133, 116, wherein 133 is the purge port. The other ends of the bridge fittings 50 were omitted 
from Figure 9 for clarity. 

20 Suitable seals such as C-seals can be used to provide fluid tight connections between 

the purge block 126 and the conduit 130 as well as between the conduit 130 and the transition 
block 132 and/or the surface mounted component purge port. Retaining clips 95 as shown in 
Figures 5A-D can be used to hold the purge blocks 126 in the longitudinal recess 124 
especially during shipping. The transition tube 132 may be disposed within the channel 1 10 

25 so as to align with the flow control device 10 purge port when the device 10 is mounted on 
the substrate 106. In the embodiment of Figures 5 and 8, the purge port is located in the 
middle area between the inlet and outlet flow ports. 

With reference to Figures 10A-D, each substrate 106 includes longitudinal slots 140a 
and 140b formed on opposite sides of the substrate near the bottom wall 142 of the substrate. 

30 In this exemplary embodiment, the slots 140 extend the full length of the substrate although 
this is not required. The slots only need be long enough to accommodate a connector strap as 
will be described herein. Each substrate 106 further includes a plurality of threaded screw 
holes 144, preferably one at each corner of the substrate 106, that extend down through the 
substrate at least to the slots 140. 
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Two substrates 106a and 106b are joined end to end by connector straps 146, in this 
example, a pair of connector straps 1 46a and 1 46b. About half of each connector strap 1 46 is 
slideabiy received in a respective end portion of the adjacent slots 140 of the two substrates 
106a and 106b. In this example, the first connector strap 146a fits into the slot 140a of the 
5 first substrate 106a and the corresponding slot 140a of the second substrate 106b. The 
connector straps 146 are preferably no wider than the slots 140 so that smooth side wall 
contours of the substrates are maintained. The connector straps 146 are provided with holes 
148 that generally align with the screw holes 144. Threaded set screws 150 can be screwed 
into the holes 144 and are of sufficient length to also screw into the holes 148 in the 

10 connector straps 146. However, in order to securely hold the substrates 106a and 106b 
together, the connector strap holes 148 are preferably formed with a slight offset in their 
spacing, for example 0.020 inches, compared to the spacing of the set screws 144 when the 
substrates 106a and 106b are abutted endwise. As the set screws 150 are screwed into the 
connector strap holes 148, the substrates 106a and 106b will be pulled up tightly together as 

15 in Figure 10D. 

With reference again to Figures 8 and 9A, some of the substrates 106 are also 
connected to the cross-purge channels 120. The cross-purge channel 120 includes threaded 
holes 152 that receive mounting bolts 180. In the exemplary embodiment, the substrates that 
overlay the cross-purge channel 120 are provided with a mounting strap 182 that includes an 

20 outwardly extending flange 184. The flange 184 includes through holes that align with the 
purge channel holes 152 such that the bolts 180 secure the substrate 106 to the cross-purge 
channel 120. Since the plurality of substrates 106 in a single gas stick are also interconnected 
via the connector straps, the entire assembly of Figure 8 is a rigid assembly securely held 
together. In the alternative embodiment of Figure 11 A, when the connector pins 164 are 

25 used, the substrate 106 is provided with the flange 172 and corresponding holes that align 
with the purge channel holes 152. Thus, the bolts 180 secure the substrate to the purge 
channel 120. 

With reference to Figures 1 1A and 11B, an alternative embodiment is illustrated for 
interconnecting the substrates 106 endwise. In lieu of the slots 140 each substrate 106 is 
30 provided with longitudinally extending bores 160 at adjoining faces of the substrates (106a 
and 106b in the illustration of Figure 11) and on either side of the flow bridge receiving 
channel 1 10. Round pins 162 are snugly received in the bores 160. Each pin 162 extends 
into corresponding and aligned bores 160 to join the substrates 106a, 106b together. Each pin 
162 may also include notches 164. Set screws 166 can be screwed into engagement with the 
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pins 162 at the notches 164, as through aligned screw holes 168. When each screw end 170 
engages a corresponding pin notch 164, the pin 162 is securely held within the substrate body 
160. The axial spacing of the notches 164 relative to the spacing of the screw holes 168 can 
be offset to cause the substrates to be pulled together as the screws 166 are tightened down. 

5 In this embodiment, the substrates 106 are provided with base extension lips 172 to 

secure the substrate to a cross-purge channel 120 as with bolts (not shown in Figure 1 1, but 
see Figures 9 and 9A). 

Figures 12A and 12B illustrate another aspect of the invention. In this embodiment, a 
substrate 200 such as one of the substrates used in the gas sticks in Figure 8, is modified to 

10 include a central opening 202 that is open to the flow block recess 1 10 in the substrate. A 
check valve assembly 204 is inserted into the opening 202. The check valve includes an inlet 
port 206 and an outlet port 208. As best illustrated in Figure 12A, the check valve 204 
includes a flow block 210 that inserts into the channel 110. Additional flow blocks 30 (not 
shown) can be inserted into the recess 110 on either side of the check valve block 210. The 

15 check valve 204 can be used for example to check purge gas flow. In such an example, the 
check valve block 210 would replace the transition block 132 (Figure 9). 

With reference next to Figure 13, in accordance with another aspect of the 
invention, a multi-level manifold arrangement 300 is illustrated for direction fluid in multiple 
flow paths in two or more planes. The basic system components may be as described herein 

20 with respect to the above described embodiments, with some modification as will be 
described herein shortly. The manifold system 300 comprises an optional base plate 3 10 and 
optional support blocks 312 for allowing the system to be assembled prior to installation. As 
shown in Figures 14 A, 14B and 15 with the flow components removed, the system comprises 
an upper substrate layer 314 and a lower substrate layer 316. The upper substrate level 314 

25 comprises a plurality of channel blocks 40 which may be of varying lengths and may further 
be closely spaced in a parallel orientation as shown. The channel blocks 40 may be secured 
to the support blocks 312 by fasteners, and the support blocks 312 may in turn be fastened to 
the support plate 310. 

Positioned within each channel 42 of the channel blocks 40 are the flow bridges 50 as 
30 best shown in Figures 15A-15C, and 16A-C. As shown in Figure 15 A, another embodiment 
of the flow bridge 50 comprises two square shaped elbow fittings 52 having tubular 
extensions joined together to form a U shaped flow passage. The outer surface of the inlet 
and outlet ports of the flow bridge 50 are preferably flush or slightly recessed below the 
upper surface 43 of the channel block 40. The inlet and outlet ports 62,64 of the flow bridges 
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50 have a recessed region for receiving a seal 60 partially therein, such that a seal is 
maintained between the ports 64,62 of the flow bridges and the mating ports 16,18 of the 
flow components 12-14. 

As shown in Figures 16A-C, a drop down bridge 320 is shown for use in allowing 
5 fluid communication between adjacent flow components in the upper substrate level, and a 
flow bridge or multiport flow bridge 400 (See Figure 21) in the lower substrate level. As 
shown in Figure 16A, the drop down bridge 320 is comprised of an elbow fitting 52 and a tee 
fitting 322 having a tubular extension 324 of a sufficient length such that the inlet port 326 is 
in fluid communication with an aligned port of a flow bridge 50 or multiport flow bridge 400 

10 in the lower substrate level 316. The drop down bridge 320 further comprises two upper 
substrate level 314 ports 328,330, and a lower substrate port 326. Ports 328,330 have a 
recessed circular area 332 for receiving a seal such as an o ring, metal washer, C seal or other 
elastomer/polymeric seal know in the art. The drop down bridge 320 is positioned within the 
channel of the channel block 40 such that the tubular extension 324 is received within the 

1 5 hole 325 (See Figure 14B) of the channel wall 42. Port 326 of the tubular extension is shown 
in fluid communication with a multiport flow bridge 400 in Figure 19. 

The ports 326,328,330 of the drop down bridge 320 may function as either inlet or 
outlet ports depending on the direction of flow. For example, if a multiport flow bridge 400 
of the lower substrate level 316 is used to provide purge gas up to the flow components 12- 

20 14, port 326 will act as an inlet port, while ports 328,330 will act as outlet ports in order to 
provide purge gas to the adjacent flow components. Another example would be that one of 
the ports 328,330 would be connected to a flow component two-way valve 12, such that fluid 
could be directed to either the upper or lower substrate levels 314,316 depending upon the 
valve setting and the direction of the flow. Thus the design of the drop down bridge 320 will 

25 allow the gas flow to travel in either direction, i.e., from one substrate layer to another. An 
alternative embodiment of the drop down bridge 320 would be the transition tube 132 as 
described above, in which a straight through flow path is utilized. This design is most useful 
in combination with a three-way valve and two adjacent flow bridges 50. The transition tube 
132 may be connected to the middle port of the valve for providing purge gas to the valve 

30 from the lower substrate level. 

In order to facilitate the sealing between the port 326 of the drop down bridge 320 and 
the ports 16,18 of a flow bridge 50 located within the lower substrate level 316, optional 
drop down clip 350 may be used as shown in Figures 22A-C in order to retain the seal 60 in a 
sealing relationship with the port 326. The drop down clip 350 facilitate proper location of 
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the seal 60 between the mating ports. The drop down clip 350" comprises a flexible C shaped 
flange which is received upon the flange 352 of the drop down bridge 320. Optional cutouts 
354 allow for greater flexibility in installing the clip 350 upon the flange 352. In order to 
install the clip 350 upon the flange 352, first the seal 60 is mounted upon the lower rim 356 
5 by inserting the seal 60 through the opening 358. Next, the flange 352 of the drop down 
bridge 320 is inserted though opening 358 such that the flange 352 engages the upper rim 359 
of the clip 350. An alternative embodiment 360 of the drop down clip is shown in Figures 
23A-B. In this embodiment, the upper rim 362 engages the flange 352 of the drop down 
bridge 320, but allows the clip 360 to be installed from either the side opening or from the top 
10 opening of the clip onto the bottom of the bridge 320. Figure 24A shows yet another 
embodiment of the drop down clip 370 which is received within a cylindrical recess 372 of 
the drop down bridge 320. The clip 370 is shaped similarly to the drop down clip 350 as 
shown in Figures 22A-C, but without the upper rim 359. The clip 370 is inserted within the 
recess 372 of the bridge 320 after the seal 60 has been inserted therein, and is slightly 
15 compressed such that it is retained within the recess due to a spring like action. Finally, 
Figures 24B and 24C illustrate yet another embodiment of the drop down clip 380 which 
utilizes a plurality of circumferential tabular ends 382 which retain the clip 380 onto the outer 
diameter of the tubular extension 324 of the drop down bridge 320 due to a spring like action. 
The circumferential indents 384 retain the seal within the clip 380 utilizing hoop stress. The 
20 indents 384 form a diameter which is slightly smaller than the diameter of the seal forming an 
interference fit which results in the seal being retained in the retainer clip 380. Any of the 
above described embodiments of the drop down clip may be comprised of any flexible 
material such as plastic or metal. 

As described above, the lower substrate layer 316 comprises a plurality of flow 
25 bridges 50 and/or multiport flow bridges 400 as shown in Figures 20A-C and Figure 2 1 . The 
multiport flow bridges 400 comprise one or more inlet ports 402 and one or more outlet ports 
404 which may be in fluid communication with ports from a drop down bridge 320 in the 
upper substrate level 314. The multiport flow bridge 400 may be formed of two elbow 
fittings 52 having a rectangular-shaped body and a midsection 410 having preferably a 
30 rectangular shaped body with an internal straight through flowpath with one or more ports 
404. Additionally, the multiport flow bridge 400 may also comprise a standard end fitting 46 
such as a VCR-type fitting instead of an elbow fitting 52. 

The lower substrate layer 316 may comprise channel blocks 40 of varying lengths 
having slots 412 for receiving heating elements (not shown). The channel blocks 40 are 
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secured to the channel blocks located in the upper substrate layer 316 via fasteners 422 which 
are positioned within holes 414 of the upper channel blocks and into aligned holes 416 of the 
lower channel blocks 40. This allows the channel blocks 40 to be disconnected from the 
upper substrate layer and slid out from below, allowing for easier accessibility. 
5 Figure 25B illustrates an alternative embodiment of the channel blocks 500 having 

tabular flanges 502 which intermesh or interlock with adjacent recesses 504 of an adjacent 
channel block. The tabular flanges 502 have mounting holes 506 for receiving fasteners (not 
shown) therein. The interlocking of the tabular flanges 502 allow the blocks 500 to be 
closely spaced, while allowing the fasteners to be accessed without the need to remove the 

10 surface mounted flow components 12-14. The lower substrate channel block 40 may be 
secured to the channel block 500 via fasteners secured in diagonally opposed holes 508. 
Thus the entire channel block 500 complete with fluid components 12-14 mounted thereon 
may be removed from the assembly as the fasteners securing the blocks 500 to the support 
blocks 312 and to the lower level substrate 316 are completely accessible via the tabular 

15 flanges 502. 

In another aspect of the invention as shown in Figure 26 and 27A, the flow bridges 50 
or multiport flow bridges 400 may be secured to the channel blocks 40 of the upper substrate 
level 316 via straps 550. The straps 550 may be of varying lengths, and have a channel 552 
formed therein for receiving and supporting the flow bridged 50 and the multiport flow 

20 bridges 400. The straps may be secured to the channel blocks 40 via fasteners 554 or any 
other method apparent to those skilled in the mechanical arts. The channel block 40 may 
optionally comprise recesses 556 for receiving the multiport flow bridges 400 or the flow 
bridges 50 partially therein. 

Some applications of gas manifold systems require heated gas which is accomplished 

25 by heatiing elements 570 provided in slots of the modular block manifolds such as in slot 560 
of channel block 40. Other heating elements such as heating tape may be used as well. 
Heating of the gas path components 40,50 will result in thermal expansion if the components 
are made of different materials. It is preferred for semiconductor systems that the flow 
bridges 50 comprise semiconductor quality material as previously discussed, while aluminum 

30 may be preferably utilized for the manifold channel blocks 40. The aluminum channel blocks 
40 will thermally expand at a greater rate than the steel flow bridges 50 resulting in a gap 
between the flow bridges 50 and the mating port of the surface component 12 or a component 
in the upper substrate level. As shown in an exaggerated manner in Figure 29A, the system 
may be designed to be preloaded in order to compensate for the thermal expansion. In order 



to accomplish this, the height of the flow bridges 50 or the multiport bridges 400 is made 
slightly greater than the height of the channel, such that when the system is heated to its 
operating temperature, the upper surface of the flow bridge 50 or multiport bridge 400 is 
flush with respect to the upper surface of the channel, as shown in Figure 29B. Additionally, 
5 the bolts 22 are preloaded such that when the system is heated to its operating temperature, 
the bolts have a sufficient tension therein. 

Other ways to compensate for thermal expansion are shown in Figures 27B-C. A 
stamping 580 having a channel formed therein for receiving a multiport bridge 400 or flow 
bridge 50. The channel 582 has a raised protrusion 584 which has a spring like action. The 
10 stamping 580 is preferably made of steel, and is supported between two brackets 600 also 
preferably made of steel The stamping 580 and brackets 600 may be secured by fasteners to 
the above substrate level, which can be made of a different material such as aluminum. In 
order to compensate for the thermal expansion of the system, the height of the flow bridges 
50 or the multiport bridges 400 is made slightly greater than the height of the channel of the 
15 stamping, which results in deformation of the raised protrusion due to its spring-like 
characteristic. Thus when the system is heated to its operating temperature, the upper surface 
of the flow bridge 50 or multiport bridge 400 will be flush with respect to the upper surface 
of the channel as the raised protrusion 584 returns to its original shape. Thus the raised 
protrusion 584 acts as a spring which raises and lowers the flow bridge 50 or multiport 
20 bridges 400 in order to compensate for the thermal expansion mismatch between the upper 
substrate level and the lower substrate level Alternatively, the stamping may be made 
having a U shaped channel with a spring 590 placed therein as shown in Figure 27C. Any 
spring may be utilized such as for example, a wave spring. Figure 27D illustrates another 
aspect of the invention similar to figure 27B but with the spring removed and the corners 603 
25 cutaway as shown in Figure. 27D. The stamping 580 acts as a "spring" due to the lessened 
engagement of the stamping corners 581 against the corners 605. Thus the stamping 580 acts 
as a cantilevered spring in which the corners 581 can flex downwardly to allow room for the 
larger multiport bridge 400. As the system is heated, the metal stamping undergoes thermal 
expansion at a greater rate than the multiport bridge 400, thus causing the metal stamping to 
30 unload as described above. 

Figure 28 illustrates yet another embodiment of the invention in which the upper 
substrate level 316 is formed of two different materials. As shown in Figure 28, a base plate 
610 forms a U shaped channel block together with side bars 620 forming side wails 622. The 
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base plate 600 may be formed of a steel or metal material, while side walls 620 are formed of 
different lighter weight and less expensive material such as aluminum. The use of the steel 
side bars 620 together with the steel plate 610 result in a channel block having a reduced 
thermal expansion mismatch with the flow bridges 50 formed of a SCQ material. 

Figures 30A and 30B illustrate still another embodiment of the channel block 700. As 
shown in the figures, a lightweight, inexpensive alternative in forming a channel block 700 
may be accomplished by using a base plate 710 which may be formed of sheet metal, 
together with sidewalls formed of somewhat U-shaped sheet metal stampings. A recessed 
region is provided in order to allow fasteners to secure the sidewall structure to the baseplate 
while allowing the head of the fasteners to be flush with the upper surface of the flow bridges 
50 or multiport bridges 400 when mounted in the channel. Figure 30B is a variation of Figure 
30A, in which an upper stamping 730 having outer walls and a U shaped channel formed 
therein mates with a lower base plate having flanged ends which are welded to the interior of 
the outer walls. 

While the preferred embodiments of the invention has been illustrated and described, 
it should be understood that variations will become apparent to those skilled in the art. 
Accordingly, the invention is not limited to the specific embodiments illustrated and 
described herein, but rather the true scope and spirit of the invention are to be determined by 
reference to the appended claims. 
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Claims 



We claim: 

1. A bridge fitting for use in a fluid manifold system for being in fluid communication 
5 with one or more fluid components, such as valves, regulators, pressure transducers, mass 

flow controllers, and the like, the bridge fitting comprising: 

a first fitting connected to a second fitting, with said connected fittings having an 
internal fluid passageway therethrough; said internal passageway of said bridge fitting having 
an inlet end and an outlet end, with said inlet end in fluid communication with an outlet port 
10 of the first fluid component, and said outlet end of said bridge fitting in fluid communication 
with an inlet port of a second fluid component. 

2. The bridge fitting of claim 1 further comprising a plurality of metallic seals interposed 
between and sealing the internal passageway of the bridge fitting with the port of the fluid 

15 component. 

3. The bridge fitting of claim 1 wherein the bridge fitting has a U shaped fluid 
passageway. 

20 4. A bridge fitting for use in a fluid manifold system for being in fluid communication 
with three or more fluid components, wherein one or more of said fluid components has a 
single port, the bridge fitting comprising: 

a first and second elbow fitting having a respective end connected to a tee fitting; said 
tee fitting being located between said elbow fittings; each of said elbow fittings and said tee 

25 fittings having an internal fluid passageway in fluid communication with each other; 

said internal passageway of said fittings having an inlet end and a first and second 
outlet end, with said inlet end in fluid communication with an outlet port of the first fluid 
component, and said outlet ends of said fluid passageway being in fluid communication with 
an inlet port of a second and third fluid component, respectively. 

30 

5. A modular fluid manifold for connecting with one or more surface mount type fluid 
components having an inlet port and an outlet port, the modular system comprising: 
one or more bridge fittings having an internal fluid passageway therethrough; said internal 
passageway of said bridge fitting having an inlet end for connecting to an outlet port of the 



BNSDOC1D: <WO 9959392A2_I_> 



WO 99/59392 PCT/US99/1 0980 

22 

first fluid component, and an outlet end for connecting to an inlet port of the second fluid 
component, whereby said internal fluid passageway of said bridge fitting is in fluid 
communication with said first and second fluid components when the system is assembled. 

5 6. The modular manifold of claim 5 further comprising: a backing plate for supporting 
said bridge fittings in a closely spaced manner and mounting said fluid components thereon, 
wherein said backing plate supports and connects said bridge fittings to said fluid 
components. 

10 7. The modular manifold of claim 5 wherein said backing plate further comprises a 
groove for insertion of said bridge fittings therein in a closely spaced manner. 

8. The modular manifold of claim 5 further comprising one or more seals for sealing the 
connection between said ends of the bridge fittings and the ports of the fluid components. 

15 

9. The modular manifold of claim 5 further comprising a locator plate mounted between 
said fluid components and said backing plate; said locator plate further comprising aligned 
holes for mounting said fluid components thereon; said locator plate having port holes 
aligned for receiving said inlet and outlet ends of said bridge fittings therein such that said 

20 inlet and outlet ports of said components are in fluid communication with said inlet and outlet 
ends of said bridge fittings. 

10. The modular manifold of claim 9 wherein a recess for receiving a gasket is provided 
between the locator plate upper surface and the inlet and outlet ends of said bridge fittings. 

25 

1 1 . The modular manifold of claim 1 0 wherein said gasket is metal. 

12. A modular fluid manifold for connecting with one or more fluid components 
comprising an inlet port and one or more outlet ports, the manifold system comprising: 

30 one or more bridge fittings having an inlet end and an outlet end and an internal passageway 
joining said ends therethrough; 

a locator plate having an upper surface for mounting said fluid components thereon 
and a plurality of holes aligned with the inlet and outlet ports of said fluid components; 
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said locator plate having a lower surface for mounting said bridge fittings thereto; 
said inlet end of each of said bridge fitting being in fluid communication with an outlet port 
of a fluid component, and an outlet end of each of said bridge fittings being in fluid 
communication with an inlet port of another fluid component. 

13. The modular system of claim 12 wherein a recess for receiving a gasket is provided 
between the locator plate upper surface and the inlet and outlet ends of said bridge fittings. 

14. The modular system of claim 13 wherein said gasket is metal. 

10 

15. The modular system of claim 12 wherein retaining clips are provided to secure said 
bridge fittings to said locator plate. 

16. The modular system of claim 12 wherein said ends of said bridge fittings are press fit 
1 5 into said holes of said locator plate. 

17. The modular system of claim 12 wherein one or more of said bridge fittings further 
comprise a tee fitting located between a first and second elbow fitting; said tee fitting and 
said elbow fittings having an internal fluid passageway in fluid communication with each 

20 other; said tee fitting having a port opposite of said elbow fitting ports, and aligned to mate 
with a bridge fitting of another layer. 

18. A modular flow system for supplying fluid to gas flow components such as valves, 
filters, mass flow controllers and the like having an inlet port and an outlet port, the system 

25 comprising: 

one or more bridge fittings having an inlet port and an outlet port wherein said inlet 
port of said bridge fitting is connected to the outlet port of said flow component, and 
the outlet port of said bridge fitting is connected to the inlet port of an adjacent flow 
30 component; 

one or more channel blocks forming a first substrate layer and having a groove therein 
for receiving said bridge fittings; 
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said bridge fittings having an exterior shape such that said bridge fittings do not rotate 
when placed within said groove. 

19. The flow system of claim 18 wherein one or more of said channel blocks further 
5 comprise a cross channel branch for receiving flow bridges therein for directing fluid from 

one channel block in one row to another channel block in another row. 

20. The modular flow system of claim 18 further comprising a second substrate layer 
having 

10 a groove therein for receiving one or more flow bridges, each of said bridges having an inlet 
port and an outlet port. 

21. The system of claim 18 wherein said groove of said first substrate layer having 
aligned holes with said ports of said flow bridges in said second layer, 

15 at least one of said flow bridges in said upper substrate layer having a port which is received 
in said channel hole and being in aligned sealing engagement with a port of a flow bridge 
whereby fluid may flow from one substrate layer to another. 

22. The system of claim 19 wherein said second substrate level is comprised of one or 
20 more channel blocks having a channel formed therein; said blocks being mounted to said first 

substrate layer. 

23. The system of claim 19 wherein said second substrate level is comprised of one or 
more multiport flow bridges. 

25 

24. The modular flow system of claim 18 further comprising a second substrate layer 
comprised of one or more flow bridges, each of said bridges having an inlet port and an outlet 
port; said flow bridges being secured to said channel blocks of said first substrate layer by 
straps having a groove therein for receiving said bridges. 

30 

25. A modular flow block for use in a modular flow system comprising: 

a block having tabular ends for securing said blocks; said tabular ends being staggered for 
interlocking said tabular ends with tabular ends of an adjacent block. 



25 

26. A drop down bridge fitting for use in a modular flow system, the fitting comprising: 

a fitting having an upper substrate port for connecting to an aligned port of a fluid 
component, and an elbow shaped fluid passageway connected to an opening of a tee fitting; 
said tee fitting having an internal fluid passageway ending in an upper substrate port and an 
5 opposed lower substrate port wherein fluid flow may be directed from one substrate level to 
another substrate level. 

27. A modular flow system comprising: one or more modular blocks having a channel for 
receiving one or more flow bridges therein; said flow bridges being formed of a material 

10 having a coefficient of thermal expansion less than the material of said channel; said flow 
bridges being received in said channel and having a top surface a specified distance greater 
than the top surface of said channels in an unheated condition; one or more surface mount 
components having flanges mounted to the surface of said channel with fasteners; said 
fasteners being preloaded to a specified tension wherein said system is preloaded so that 

15 when said system is heated to a specified temperature said height of said channel top surface 
becomes about flush with said top surface of said flow bridges. 

28. A modular flow system comprising: 

20 one or more stampings having a channel formed therein for receiving one or more 

flow bridges therein, with a bottom wall of said channel having a springlike raised protrusion 
formed therein; 

said flow bridges being formed of a material having a coefficient of thermal 
25 expansion less than the material of said channel; said flow bridges being received in said 
channel wherein said protrusion is depressed wherein said system is preloaded so that when 
said system is heated to a specified temperature said height of said channel top surface 
becomes about flush with said top surface of said flow bridges. 



30 
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Title of the Invention 
MODULAR SURFACE MOUNT MANIFOLD ASSEMBLIES 

5 

Field of the Invention 

The invention relates in general to manifolds for fluid systems, and more particularly, 
the invention relates to a modular gas distribution system for use in high purity fluid systems 
and corrosive fluid systems such as gas systems used, for example, to manufacture 
1 0 semiconductor wafers. 

Background of the Invention 

This application claims the benefit of International patent application No. 
PCT/US99/04973 filed on March 5, 1999, and U.S. provisional application No. 60/085,817 
filed on May 18, 1998 and U.S. provisional application No. 60/102,277 filed on September 
15 29, 1998. 

To manufacture semiconductors, the industry uses various high purity gases. These 
gases are controlled by systems made up of high purity valves, regulators, pressure 
transducers, mass flow controllers and other components connected together by welding and 
high purity metal seal fittings. These connections may be undesirable in some applications 

20 because they add additional time and cost for welding operations, unnecessary space between 
components and make it difficult to replace a component located between other components. 
Further, these systems are typically custom designed and manufactured which make the 
manufacturing costs and procurement of replacement parts quite expensive. 

New modular manifold systems have been recently introduced into the industry in 

25 order to overcome these problems. Typical components of these systems such as valves, 
pressure regulators and other typical fluid components have been reconfigured so that their 
inlet and outlet ports and attachment mechanisms are compatible with surface mount 
manifolds. These manifolds are typically comprised of modular blocks which are machined 
of high purity metal and have machined internal flow passageways. These prior art modular 

30 systems typically utilize a metallic seal between the component and a modular block face, as 
well as face seals machined on the exterior sides of the modular block faces for sealing 
engagement with mating modular blocks. One objective of such systems is to use surface 
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mount standard configurations based upon industry standards to permit interchangeability of 
surface mount components. 

One disadvantage to these type of prior art modular systems is that the entire modular 
block is made of high purity metal. Further, these block components also have higher 
5 manufacturing costs due to the complexity of machining multiple passageways of a single 
block as well as a higher risk of expensive scrap being formed due to the manufacturing 
complexity. In addition, the mating blocks require the use of mating seals therebetween, 
which require additional manufacturing time, and further require proper installation and 
makeup torque of the fastener members in order to ensure a leak-tight seal. 

10 

Summary of the Invention 

Thus it is desired that a modular manifold design be provided which eliminates the 
seals between modular mating blocks, dramatically reduces the amount of expensive material 
15 utilized, and results in a simpler and less expensive system to manufacture while providing a 
reduced system footprint or envelope which meets or surpasses the performance, integrity 
and reliability of existing systems. 

The invention provides in one aspect a bridge fitting for use in a fluid manifold 
system for being in fluid communication with one or more fluid components, such as valves, 

20 regulators, pressure transducers, mass flow controllers, and the like. The bridge fitting 
comprises a first elbow fitting connected to a second elbow fitting, with the connected elbow 
fittings having an internal fluid passageway therethrough. The internal passageway of the 
bridge fitting has an inlet end and an outlet end, with the inlet end in fluid communication 
with an outlet port of the first fluid component, and the outlet end of the bridge fitting in fluid 

25 communication with an inlet end of a second fluid component. 

The invention provides in another aspect a bridge fitting for use in a fluid manifold 
system for being in fluid communication with three or more fluid components, wherein one 
or more of said fluid components has a single port. The bridge fitting comprises a first and 
second elbow fitting having a respective end connected to a tee fitting. The tee fitting is 
30 located between the elbow fittings, with each of the elbow fittings and the tee fittings having 
an internal fluid passageway in fluid communication with each other. The internal 
passageway of the fittings have an inlet end and a first and second outlet end, with the inlet 



3 

end in fluid communication with an outlet port of the first fluid component, and the outlet 
ends of the fluid passageway being in fluid communication with an inlet end of a second and 
third fluid component, respectively. 

5 The invention provides in yet another aspect a modular fluid manifold system for 

connecting with one or more surface mount type fluid components having an inlet port and an 
outlet port, the modular system comprising: one or more bridge fittings having an internal 
fluid passageway therethrough; the internal passageway of the bridge fitting having an inlet 
end for connecting to an outlet port of the first fluid component, and an outlet end for 

10 connecting to an inlet port of the second fluid component, whereby the internal fluid 
passageway of the bridge fitting is in fluid communication with the first and second fluid 
components when the system is assembled. 

Still further, the invention provides a modular fluid manifold system for connecting 
with one or more fluid components comprising an inlet port and one or more outlet ports. 

15 The manifold system comprises one or more bridge fittings having an inlet end and an outlet 
end and an internal passageway joining said ends therethrough. The system further includes 
a locator plate having an upper surface for mounting the fluid components thereon and a 
plurality of holes aligned with the inlet and outlet ports of the fluid components. The locator 
plate has a lower surface for mounting the bridge fittings thereto. The inlet end of each of the 

20 bridge fittings are in fluid communication with an outlet port of a fluid component, and an 
outlet end of each of the bridge fittings are in fluid communication with an inlet port of 
another fluid component. 

These and other features and advantages of the invention will become apparent in the 
detailed description and claims to follow, taken in conjunction with the accompanying 

25 figures. 

Brief Description of the Drawings 

The invention may take physical form in certain parts and arrangements of parts, a 
preferred embodiment of which will be described in detail in this specification and illustrated 
30 in the accompanying drawings which form a part hereof, and wherein: 

Figure 1 is a perspective view of the complete manifold assembly shown with 
representative components and seals incorporating features of the subject invention; 
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Figure 2 is an exploded perspective of a manifold assembly and representative 
components and seals incorporating features of the subject invention as shown in Figure 1 ; 

Figure 3 is an exploded elevational view of a portion of the manifold of Figure 2, 
showing one complete gas bridge located between two partially illustrated gas bridges and 
5 showing an optional representative seal; 

Figure 3 A is a cross-sectional view of the assembled manifold portion of Figure 2; 

Figure 3B is a cross-sectional view of an alternative gas bridge incorporating a tee 
fitting and an additional tube section, in addition to the two elbows and the tube section 
shown in the complete gas bridge 8 illustrated in Figures 3 and 3a; 
10 Figure 4 is a perspective view of an alternative manifold system of the present 

invention which incorporates multiple flow paths extending in various directions; 

Figure 5 is an exploded perspective of an alternative embodiment of the manifold 

assembly incorporating features of the subject invention; 

Figures 5 A-D are perspective views of the retaining clips of the invention; 
15 Figure 6 is a partial exploded, longitudinal cross-sectional view of two bridge fittings 

50 and a corresponding sealing retainer 90 and mating fluid surface component of the 
assembly as shown in Figure 5; 

Figure 7 is a plan view of a more complex fluid system including multiple fluid lines; 

Figure 8 is a perspective illustration of another embodiment of the manifold assembly 
20 of Figure 1 using a plurality of flow channels in an upper and lower substrate level; 

Figures 9 and 9 A are perspective illustrations of two manifold substrates and a cross- 
purge channel; 

Figures 10A-D illustrate various stages of assembly of two endwise connected 
substrates with Figure 1 0D in cross-section; 
25 Figures 1 1 A and 1 IB illustrate an alternative embodiment for joining substrates used 

in a manifold assembly such as in Figure 8; 

Figures 12A and 12B illustrate a substrate with a check valve mounted therein; 



Figure 13 is a perspective view of yet another embodiment of a manifold assembly of 
the present invention; 

Figure 14A is a perspective view of the invention of Figure 13 shown with the flow 
components removed from the manifold assembly; 
5 Figure 14B is a top view of the invention as shown in Figure 14A; 

Figures 15 A, 15B and 15C illustrate a perspective, top and side view, respectively, of 
an alternate embodiment of the flow bridges; 

Figures 16A-16C illustrate a perspective, top and side view of a drop down flow 

bridge; 

10 Figure 17 is a cross-sectional view in the direction 17-17 of the invention as shown in 

Figure 14B; 

Figure 18 is a cross-sectional view in the direction 18-18 of the invention as shown in 
Figure 14B; 

Figure 19 is a cross-sectional view in the direction 19-19 of the invention as shown in 
15 Figure 14B; 

Figures 20A, 20B and 20C illustrate a perspective, top and side view, respectively, of 
an alternate embodiment of the flow bridges; 

Figure 21 illustrate a perspective view of a multiport flow bridge shown in different 

sizes; 

20 Figures 22A-22B illustrate a perspective and side view of a seal retainer, while Figure 

22C illustrates the seal retainer of 22A-B in use with a drop down flow bridge; 

Figures 23A-23C illustrate a perspective and side view of an alternative embodiment 
of a seal retainer; 

Figures 24A-24C illustrate a perspective and side view of additional alternative 
25 embodiments of a seal retainer; 

Figures 25A and 25B illustrate top and perspective views respectively of an alternate 
embodiment of the substrate manifold having tabular mounting flanges; 

Figure 26 is a perspective view of a lower substrate manifold shown with retainer 

straps; 

30 Figure 27A is a side view of the manifold assembly of Figure 26 in the direction 27A- 

27A, and Figures 27B-27D are cross-sectional views of the upper and lower substrate shown 
with an alternative embodiment of the lower substrate level; 

Figure 28 is a perspective view of an alternative embodiment of the upper and lower 
substrate levels; 
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Figures 29A and 29B illustrate the preload and load condition respectively, of a 
heated manifold assembly; and 

Figures 30A and 30B illustrate cross-sectional views of alternative embodiments of 
the upper substrate level. 



Detailed Description of the Invention 

Referring now to the drawings wherein the drawings are for the purposes of 
illustrating the preferred embodiments of the invention only and not for purposes of limiting 
same, a unique manifold system is shown in the Figures 1 • 30. The inventions as shown and 
described in the Figures are useful, for example, as part of a high purity modular gas 
distribution system used in the manufacture of semiconductor devices or other fluid systems 
which must withstand corrosive fluids. The present invention is not limited to the use in high 
purity fluid systems, and may be useful in any application relating to fluid flow control. 
Additionally, the various aspects of the present invention shown and described herein may be 
used separately or in various combinations as required for a particular application. 
Furthermore, although the preferred embodiments are described herein with reference to an 
exemplary modular manifold design, those skilled in the art will readily understand the 
invention can also be used in other modular system designs. 

Now referring to the drawings and more particularly Figure I, a modular fluid 
manifold system 10 is shown assembled together with fluid flow control components such as 
valves 12, flow regulators 13, filters 14 and the like. The fluid components may be utilized in 
conjunction with the invention, but are not part of the invention. The fluid components 12-14 
are preferably surface mount type components, and each component has an inlet port 16 and 
may additionally comprise one or more outlet ports 18 as shown in Figure 3 A, which allow 
fluid communication to the fluid component. A series of fasteners 22 of the fluid 
components pass through openings 24 in the base flanges 26 of the fluid components in order 
to secure the components to the modular manifold system 10. 

The modular manifold system 10 of the present invention may comprise one or more 
bridge fittings 50, an optional locator plate 30, an optional backing plate 40, optional end 
fittings 45, and optional sealing elements 60. These elements are described in more detail, 
below. The bridge fittings 50, as shown in Figure 3, may be in the form of two elbow fittings 
52 which are shown joined by an optional tubular extension 54 connected to the respective 
ends of the elbow fittings 52 by conventional means such as by welding. The elbow fittings 
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52 have an interior fluid passageway 56 having an inlet end 58 and an outlet end 62,64, with 
the inlet end 58 having a 90 degree orientation with respect to the outlet end 62,64, The 
optional tubular extension 54 has an internal fluid passageway which connects with the 
adjoining fluid passageway of the two adjacent elbow end fittings 52, such that a U-shaped 
5 fluid passageway is formed within the interior of the bridge fitting 50, with the passageway 
having an inlet end 62 and an outlet end 64. 

As shown in Figure 3A, the inlet end 62 of the bridge fitting 50 is in fluid 
communication with a respective outlet opening 18 of a fluid component 12, and the outlet 
end 64 of the bridge fitting 50 is in fluid communication with the inlet port 16 of an adjacent 
10 fluid component 13. Thus the bridge fitting 50, acts as a "bridge" to transfer fluid between 
adjacent fluid components such as 12,13 without the need for metal to metal seals between 
adjacent bridge fittings 50, which is typically required by the mating of adjacent prior art 
modular blocks. It is preferred that the bridge fitting 50 be comprised of stainless steel such 
as 316, hastalloy, semiconductor quality material ('SCCD, or other material suitable for use 
15 in conjunction with semiconductor processing fluids. However, for typical industrial 
applications, any suitable material such as plastic or metal would work for the invention. 

Moreover, the bridge fittings 50 are of a reduced dimension so that the amount of 
expensive material of the modular manifold can be substantially reduced. Prior art modular 
systems utilize modular manifold blocks, (with the surface mounted components thereon) 
20 made of expensive materials and which have the internal gas flowpaths integrally machined 
out of the manifold block. As the semiconductor industry moves toward standardization of 
modular gas system components, these modular manifold block components have a standard 
upper flange mounting surface area in order to mate with a standardized flange of a surface 
mounted flow component. Thus, the surface mounted flow components are readily 
25 interchangeable. Thus the prior art modular component blocks use a large volume of 
expensive material. The present invention provides a gas flow passage that is defined by a 
bridge fitting 50 which has a substantially reduced volume of expensive material as compared 
to the conventi6nal prior art modular component blocks. This results in a more economic gas 
path manifold which is cheaper and easier to make than the prior art component blocks. 
30 As shown in Figure 1, the modular system 10 may also comprise end fittings 45, 

which comprise an elbow fitting having a 90 degree internal passageway connected to a 
standard fitting 46, such as a standard face-type fitting such as a Swaglok VCR® fitting 
(Swagelok Company, Cleveland, Ohio) or other suitable fitting for connecting with a fluid 
line. The end fitting 45 may be utilized as an inlet fitting or an outlet fitting which mates 
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with the fluid line (not shown). Thus, the outlet or inlet end of the elbow fitting is connected 
to the respective inlet or outlet end of a fluid component. It is preferred that the end fittings " 
45 be comprised of stainless steel, 316 stainless, SCQ stainless or other material suitable for 
use in conjunction with semiconductor processing fluids, or the fluids of interest for a 
5 specific application. For typical industrial applications, the end fittings 45 may be comprised 
of any suitable material such as plastic or metal. 

The modular manifold system 10 of the present invention may further optionally 
comprise a backing plate 40. The backing plate 40 may comprise a flat plate, but it 
preferably has an interior groove or channel 42 for receiving a plurality of bridge fittings 50 

10 and end fittings 45 disposed therein. Each elbow fitting 52 of the bridge fitting 50 and the 
end fitting 45, has an exterior shaped body of an appropriate dimension which mates with the 
shape of the groove or channel 42 in order to prevent rotation of the bridge fitting 50 within 
the channel 42. It is preferred but not required that the external shape of the elbow fitting 52 
be rectangular or square. It is also preferred that the internal side walls 44 forming the 

15 channel 42 have a suitable dimension for closely receiving a square shaped body, or that two 
of the opposed side walls have an appropriate dimension for receiving a rectangular shaped 
body. The invention is not limited to the above mentioned shapes, as any complementary 
shaped channel with respect to the shaped body of the elbow fitting 52 would work for the 
invention. The backing plate 40 may be comprised of any suitable material such as metal and 

20 metal matrix composites, but it is preferably made of a low-cost lightweight material such as 
aluminum. Non-mettalic materials may also be utilized depending on the application, such as 
plastic. 

It is preferable that the manifold system 10 further comprise seals 60, which are 
received between the mating inlet/outlet ports of the bridge fittings 50 and the fluid 
25 components. The seals 60 may be made of any suitable material such as elastomer, plastic, 
rubber or polymer material arid preferably, a soft metal such as nickel. C seals may also be 
used, as well as composite seals to name additional examples. Other seal technologies which 
may used in conjunction with the invention will be readily apparent to those of ordinarily 
skill in the art. 

30 In a second embodiment of the invention as illustrated in Figures 2, 3 and 3A, an 

optional locator plate 30 may be utilized with the invention. The locator plate 30 has a 
plurality of holes aligned to receive the ends 62,64 of the bridge fittings 50 therein. The ends 
of the bridge fittings 50 are preferably slightly shorter than the thickness of the locator plate 
30 such that a recess is formed for receiving a seal 60 therein. The locator plate 30 



additionally has holes 32 aligned for receiving fasteners 22 therein. Thus in order to 
assemble the system pursuant to the second embodiment of the invention, the bridge fittings 
are placed within the channel 42 of the backing plate 40, and then the holes of the locator 
plate are aligned with the inlet and outlet end of the bridge fittings 50. The locator plate is 

5 then lowered into position such that the ends of bridge fittings 50 are inserted through the 
aligned holes 34 of the locator plate 30. Fasteners 36 are then inserted through aligned holes 
38 of the backing plate for reception into aligned holes 39 of the locator plate 30. Lastly, the 
fluid components 12-14 are then secured to the locator plate 30 using fasteners 22, 

An alternative embodiment of a bridge-tee fitting 70 is shown in Figure 3B. This 

10 bridge fitting 70 may be used in conjunction with three adjacent fluid components, wherein 
the middle fluid component has only one inlet port, e.g., a pressure transducer, or a flow 
diverter which redirects a portion of the fluid flow along another flow path. The bridge 
fitting 70 is comprised of two elbow fittings 52, each having an internal fluid passageway in 
fluid communication with a tee fitting 72. The tee fitting 72 has an inlet end 74, and two 

15 outlet ends 76, 78. Outlet end 76 of the tee fitting 70 is in fluid communication with the inlet 
of a single port fluid component such as a pressure transducer. The outlet end 78 of the tee 
fitting is in fluid communication with the outlet end 80 of the bridge fitting. Thus the bridge 
tee fitting 70 has an inlet end 82 and two outlet ends 76 and 80, and may be used to "bridge" 
or transfer the flow between three adjacent fluid components, wherein the middle fluid 

20 component has only a single port in fluid communication with the flow passage through the 
fitting 70. 

Figure 4 shows yet another embodiment of a locator plate 80 designed for use with 
fluid flowing in multiple flow paths A, B, C and D. In order to better illustrate the invention, 
the backside of the locator plate is shown with respect to the bridges 50 (i.e., the opposite of 

25 Figure 2). The arrangement of the bridges 50 within the holes 82 of the locator plate allow 
for the combination or mixing of fluids from one or more flow paths. Thus as shown in 
Figure 4, four independent flow paths are shown (A, B, C and D) which are mixed together in 
desired proportions by fluid components (not shown) which result in the fluid outlet 86 of 
the system to be comprised of the fluids A, B, C and D mixed in a desired proportion. This is 

30 accomplished by using a fluid component such as a valve having a three port configuration 
(at locations 84) in order to allow for the mixture of the different fluids from separate flow 
paths. Note that the bridge fittings 50 are combined in a "pegboard" style arrangement in 
order to achieve the desired result as described above. Thus bridges 50 are used to interlink 
or join the separate flow paths in order to achieve the fluid mixing, without the need for any 
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specially adapted components. This is a distinct advantage over prior art block type modular 
designs, as a special block having three ports would be needed. 

In this embodiment of the invention, the locator plate 80 may be used both as a 
support for the bridges 50 and as a "locator" without the need for a support plate. The bridge 
5 fittings 50 may further comprise a threaded end (not shown) which can be inserted into 
aligned threaded holes 82 of the locator plate 80. The ends 62,64 of the bridge fittings 50 
may also be press fit into the aligned holes 82 of the locator plate 80 or be attached by 
retainer clips (not shown) to the locator plate. Other attachment means may be readily 
apparent to those ordinarily skilled in the art. 
10 In this embodiment of the invention, the ends 62,64 of the bridge fittings 50 may vary 

in height, with a height sufficient to allow multiple layers of bridge fittings (not shown). This 
cross layer feature would be useful, for example, if it were desired to provide purge gas in 
Line A to the other gas lines B, C and D. In order to accomplish this, a modified bridge 
fitting 50 would be needed which would additionally comprise a tee fitting for mating with 
15 the bridge fitting of an upper layer. The tee fitting would be located between the elbow 
fittings as shown in Figure 3B, and have an internal fluid passageway in communication with 
the internal fluid passageways of the elbow fittings. However, unlike Figure 3B, the opening 
of the tee fitting would be 180 degrees opposite of the openings of the elbow fittings in order 
to mate with the tee fitting of a bridge fitting located in another layer. Thus this embodiment 
20 of the invention would result in a fluid manifold system having multiple fluid flow paths, 
with said paths being capable of extending in multiple directions. Further, this embodiment 
allows for multiple or three dimensional layering of gas flow paths, wherein the fluid flow 
paths of one layer may be in fluid communication with the fluid flow path of another layer(s). 

In yet another alternative embodiment of the invention as shown in Figures 5 
25 and 6, the optional locator plate 30 has been eliminated. In place of the locator plate 30, seals 
60 are held in place by optional flexible retainers 90 which are made from a thin flexible 
material such as plastic or metal. These retainers 90 are commercially available by EG&G, 
Inc. Holes 92 of the retainer 90 align to receive fasteners 22 which are received within holes 
32' of the backing plate or channel block 40. Seals 60 such as c-seals are held in place by 
30 one or more support members 92. The seals 60 are precisely positioned within the retainer 90 
such that when holes 92 align with the fasteners 22, the seals 60 precisely align with the inlet 
16 and outlet 18 of the fluid components 12,14, and the respective outlet 64 and inlet 62 of 
the adjacent flow bridges 50. The flow bridge fittings 50 have been modified such that the 
vertical tubular extensions have been eliminated, such that when the flow bridges 50 are 



11 

positioned within the channel, the inlet and outlet ends 62,64 are flush or slightly recessed 
with respect to the upper surface 43 of the channel block 40. In addition, Figure 5 shows a 
different shape of the elbow fittings 52 which form the flow bridge 50. The elbow fittings 52 
are shown having a rectangular shaped body with the internal fluid passageway being 
5 machined such that the inlet end is approximately at about a ninety degree orientation with 
respect to the outlet end. Preferably, the inlet and outlet ports 62,64 of the flow bridges 50 
additionally comprise a circular recessed area about the ports for receiving a seal 60 partially 
therein. 

As shown in Figure 5, after all the elbow fittings 52 are secured together to form a 

10 flow bridge 50, the flow bridges are placed in the channel of the backing plate 40. Optional 
retaining clips 95 may be received about each flow bridge in order to retain the bridges within 
the channel. The retaining clips 95 may be inserted about each flow bridge 50 in, for 
example, the necked down regions defining the welded interconnection between adjacent 
elbow fittings 52. The retaining clips 95 as better shown in Figure 5A, are preferably a U- 

15 shaped configuration having parallel curved legs 96 having a wider spacing than the channel 
width, which results in a spring-like characteristic. Thus, when the parallel legs 96 are 
inserted around the flow bridge 50 within the channel, the flow bridges are retained within 
the channel due to the legs frictionally engaging with the sidewalls of the channel due to the 
spring force of the legs 96. Additionally, alternative embodiments of the retaining clip 97,98 

20 and 99 are shown in Figures 5B-D. 

As may be further appreciated, the backing plate or channel block 40 as shown 
in Figure 7, may further include a plurality of channels 42 with flow bridges 50 positioned 
therein for transporting the fluid flow of aligned flow components in a first direction, and one 
or more interlinking transverse or branch channels 41 with flow bridges positioned therein for 

25 transporting fluid in a second direction. Thus multiple flow paths are formed which allow the 
intermixing of fluid across different flow lines. The branch channels 43 preferably extend 
transversely across the channels 42 in the first direction to other adjacent channels 42. This 
would be useful, for example, in fluid systems which require purge air or fluid streams mixed 
together. 

30 With reference next to Figure 8, in accordance with another aspect of the invention, a 

cross-purge feature is illustrated for a manifold arrangement that uses a plurality of flow 
channel manifolds. The basic components of each of the flow channel manifolds may be as 
described herein with respect to the above described embodiments, with some modification 
as will be described herein shortly. 
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In Figure 8, three flow channel manifolds 100, 102 and 104 are provided. Each 
manifold is similar to the others in terms of its basic structural components, therefore only 
one manifold will be described herein in detail. In this embodiment, the three manifolds 100, 
102, 104 are aligned generally parallel and coplanar with each other. By way of example, the 
5 first flow channel manifold 1 00 includes a series of substrate structures 106 joined end to end 
to form a gas stick manifold. The other manifolds 102 and 104 include substrates 109, again 
of various available flow path configurations. Each substrate 106 is illustrated in an 
exemplary manner in Figure 9. In this case, each substrate 106 is at least large enough to 
have a surface mounted component 10 mounted thereon. Alternatively, various ones or all of 

10 the substrates 106 can be lengthened to allow more than one surface mounted component to 
be mounted thereon, as for example, the embodiment illustrated in Figure 5. Yet a further 
alternative would be to have a single substrate 106 of sufficient length to accommodate all 
the required surface mounted components for a specific gas stick. 

With reference to Figure 9, two substrates 106,109 are shown that lie adjacent each 

15 other, each substrate being from one of adjacent pairs of the manifolds 100, 102, or 104 of 
Figure 8. Each substrate structure or assembly 106 is similar in some respects to the basic 
substrate structure illustrated in Figure 5 in that the substrate 106 includes a channel block 
108 with a channel 1 10 formed therein. At least one flow bridge 50 formed of one or more 
flow bridge blocks 52 is closely received in the channel 1 10 and can be secured therein by a 

20 clip 95 if needed (not shown). As shown in Figure 5, the flow bridge 50 includes two ports 
62,64 that align with inlet and outlet ports 16,18 of a surface mounted flow control device 
(not shown) when the flow control device is mounted on the substrate 106. 

Seals such as C-seals 50 can be used to form fluid tight connections between the 
device ports 12, 14 and the bridge block ports 114, 116 as in the earlier described 

25 embodiments. As further described herein before, the flow bridge blocks 30 of endwise 
adjacent substrates (for example 106a and 106b in Figure 8) can be welded together using 
tube extensions. 

In accordance with the invention, the channel block 108 is preferably made of a low 
cost lightweight material such as aluminum, while the flow bridge blocks 30 which conduct 
30 the semiconductor processing gases are made of the more expensive semiconductor quality 
steel. 

As illustrated in Figure 9, the three gas stick manifolds 100, 102 and 104 may be 
mechanically joined or interconnected together as a single assembly by one or more 
crosswise arranged purge channels 120. In this embodiment, the cross-purge channels 120 lie 
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generally parallel and coplanar with each other and are mounted to the undersides of the ^ 
manifolds 102, 104, 106. The purge flow channels can be used, for example, to supply 
purging gas to each of the gas stick manifolds 100, 102, 104. 

Each purge channel 120 may be machined from a low cost metal block such as 

5 aluminum or non-SCQ stainless steel. The purge channel 120 may include recesses 122 that 
receive respective substrates 106 to simplify alignment during assembly. The purge channel 
120 has a longitudinal recess 124 formed therein that closely receives a number of purge 
bridge blocks 126 joined end to end by tube extensions joined by welding, for example. The 
purge bridge blocks 126 can be made and interconnected substantially similar to the flow 

10 bridge blocks 50. A purge port 128 is provided in the purge block 126 that is in fluid 
communication with a purge port of a surface mounted component 10 (not shown in Figure 
9) via a conduit 130 having a straight through flow path that is mounted through a hole in the 
above-mounted substrate 106. An adapter or transition tube block 132 may be used to 
provide a purge port 133 for connection to the surface mounted component 10 as needed. As 

15 shown in Figure 9, the transition tube 132 may be used in combination with two bridge 
fittings 50, for example, to provide purge gas to a three port valve. Thus the one end of the 
bridge fittings located on either side of the transition tube 132 form three adjacent ports 1 14, 
133, 1 16, wherein 133 is the purge port. The other ends of the bridge fittings 50 were omitted 
from Figure 9 for clarity. 

20 Suitable seals such as C-seals can be used to provide fluid tight connections between 

the purge block 126 and the conduit 130 as well as between the conduit 130 and the transition 
block 132 and/or the surface mounted component purge port. Retaining clips 95 as shown in 
Figures 5A-D can be used to hold the purge blocks 126 in the longitudinal recess 124 
especially during shipping. The transition tube 132 may be disposed within the channel 110 

25 so as to align with the flow control device 10 purge port when the device 10 is mounted on 
the substrate 106. In the embodiment of Figures 5 and 8, the purge port is located in the 
middle area between the inlet and outlet flow ports. 

With reference to Figures 10A-D, each substrate 106 includes longitudinal slots 140a 
and 140b formed on opposite sides of the substrate near the bottom wall 142 of the substrate. 

30 In this exemplary embodiment, the slots 140 extend the full length of the substrate although 
this is not required. The slots only need be long enough to accommodate a connector strap as 
will be described herein. Each substrate 106 further includes a plurality of threaded screw 
holes 144, preferably one at each corner of the substrate 106, that extend down through the 
substrate at least to the slots 140. 
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Two substrates 106a and 106b are joined end to end by connector straps 146, in this 
example, a pair of connector straps 146a and 146b. About half of each connector strap 146 is' 
slideably received in a respective end portion of the adjacent slots 140 of the two substrates 
106a and 106b. In this example, the first connector strap 146a fits into the slot 140a of the 
first substrate 106a and the corresponding slot 140a of the second substrate 106b. The 
connector straps 146 are preferably no wider than the slots 140 so that smooth side wall 
contours of the substrates are maintained. The connector straps 146 are provided with holes 
148 that generally align with the screw holes 144. Threaded set screws 150 can be screwed 
into the holes 144 and are of sufficient length to also screw into the holes 148 in the 
connector straps 146. However, in order to securely hold the substrates 106a and 106b 
together, the connector strap holes 148 are preferably formed with a slight offset in their 
spacing, for example 0.020 inches, compared to the spacing of the set screws 144 when the 
substrates 106a and 106b are abutted endwise. As the set screws 150 are screwed into the 
connector strap holes 148, the substrates 106a and 106b will be pulled up tightly together as 
15 in Figure 10D. 

With reference again to Figures 8 and 9 A, some of the substrates 106 are also 
connected to the cross-purge channels 120. The cross-purge channel 120 includes threaded 
holes 152 that receive mounting bolts 180. In the exemplary embodiment, the substrates that 
overlay the cross-purge channel 120 are provided with a mounting strap 182 that includes an 

20 outwardly extending flange 184. The flange 184 includes through holes that align with the 
purge channel holes 152 such that the bolts 180 secure the substrate 106 to the cross-purge 
channel 120. Since the plurality of substrates 106 in a single gas stick are also interconnected 
via the connector straps, the entire assembly of Figure 8 is a rigid assembly securely held 
together. In the alternative embodiment of Figure 11 A, when the connector pins 164 are 

25 used, the substrate 106 is provided with the flange 172 and corresponding holes that align 
with the purge channel holes 152. Thus, the bolts 180 secure the substrate to the purge 
channel 120. 

With reference to Figures 1 1A and 11B, an alternative embodiment is illustrated for 
interconnecting the substrates 106 endwise. In lieu of the slots 140 each substrate 106 is 
30 provided with longitudinally extending bores 160 at adjoining faces of the substrates (106a 
and 106b in the illustration of Figure 11) and on either side of the flow bridge receiving 
channel 110. Round pins 162 are snugly received in the bores 160. Each pin 162 extends 
into corresponding and aligned bores 160 to join the substrates 106a, 106b together. Each pin 
162 may also include notches 164. Set screws 166 can be screwed into engagement with the 
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pins 162 at the notches 164, as through aligned screw holes 168. When each screw end 170 
engages a corresponding pin notch 164, the pin 162 is securely held within the substrate body 
160. The axial spacing of the notches 164 relative to the spacing of the screw holes 168 can 
be offset to cause the substrates to be pulled together as the screws 166 are tightened down. 

5 In this embodiment, the substrates 106 are provided with base extension lips 172 to 

secure the substrate to a cross-purge channel 120 as with bolts (not shown in Figure 11, but 
see Figures 9 and 9A). 

Figures 12A and 12B illustrate another aspect of the invention. In this embodiment, a 
substrate 200 such as one of the substrates used in the gas sticks in Figure 8, is modified to 

10 include a central opening 202 that is open to the flow block recess 1 10 in the substrate. A 
check valve assembly 204 is inserted into the opening 202. The check valve includes an inlet 
port 206 and an outlet port 208. As best illustrated in Figure 12A, the check valve 204 
includes a flow block 210 that inserts into the channel 1 10. Additional flow blocks 30 (not 
shown) can be inserted into the recess 1 10 on either side of the check valve block 210. The 

15 check valve 204 can be used for example to check purge gas flow. In such an example, the 
check valve block 210 would replace the transition block 132 (Figure 9). 

With reference next to Figure 13, in accordance with another aspect of the 
invention, a multi-level manifold arrangement 300 is illustrated for direction fluid in multiple 
flow paths in two or more planes. The basic system components may be as described herein 

20 with respect to the above described embodiments, with some modification as will be 
described herein shortly. The manifold system 300 comprises an optional base plate 310 and 
optional support blocks 3 12 for allowing the system to be assembled prior to installation. As 
shown in Figures 14A, 14B and 15 with the flow components removed, the system comprises 
an upper substrate layer 314 and a lower substrate layer 316. The upper substrate level 314 

25 comprises a plurality of channel blocks 40 which may be of varying lengths and may further 
be closely spaced in a parallel orientation as shown. The channel blocks 40 may be secured 
to the support blocks 312 by fasteners, and the support blocks 312 may in turn be fastened to 
the support plate 310. 

Positioned within each channel 42 of the channel blocks 40 are the flow bridges 50 as 
30 best shown in Figures 15A-15C, and 16A-C. As shown in Figure 15A, another embodiment 
of the flow bridge 50 comprises two square shaped elbow fittings 52 having tubular 
extensions joined together to form a U shaped flow passage. The outer surface of the inlet 
and outlet ports of the flow bridge 50 are preferably flush or slightly recessed below the 
upper surface 43 of the channel block 40. The inlet and outlet ports 62,64 of the flow bridges 
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50 have a recessed region for receiving a seal 60 partially therein, such that a seal is 
maintained between the ports 64,62 of the flow bridges and the mating ports 16,18 of the' 
flow components 12-14. 

As shown in Figures 16A-C, a drop down bridge 320 is shown for use in allowing 
5 fluid communication between adjacent flow components in the upper substrate level, and a 
flow bridge or multiport flow bridge 400 (See Figure 21) in the lower substrate level. As 
shown in Figure 16A, the drop down bridge 320 is comprised of an elbow fitting 52 and a tee 
fitting 322 having a tubular extension 324 of a sufficient length such that the inlet port 326 is 
in fluid communication with an aligned port of a flow bridge 50 or multiport flow bridge 400 

10 in the lower substrate level 316. The drop down bridge 320 further comprises two upper 
substrate level 314 ports 328,330, and a lower substrate port 326. Ports 328,330 have a 
recessed circular area 332 for receiving a seal such as an o ring, metal washer, C seal or other 
elastomer/polymeric seal know in the art. The drop down bridge 320 is positioned within the 
channel of the channel block 40 such that the tubular extension 324 is received within the 

1 5 hole 325 (See Figure 14B) of the channel wall 42. Port 326 of the tubular extension is shown 
in fluid communication with a multiport flow bridge 400 in Figure 1 9. 

The ports 326,328,330 of the drop down bridge 320 may function as either inlet or 
outlet ports depending on the direction of flow. For example, if a multiport flow bridge 400 
of the lower substrate level 316 is used to provide purge gas up to the flow components 12- 

20 14, port 326 will act as an inlet port, while ports 328,330 will act as outlet ports in order to 
provide purge gas to the adjacent flow components. Another example would be that one of 
the ports 328,330 would be connected to a flow component two-way valve 12, such that fluid 
could be directed to either the upper or lower substrate levels 314,316 depending upon the 
valve setting and the direction of the flow. Thus the design of the drop down bridge 320 will 

25 allow the gas flow to travel in either direction, i.e., from one substrate layer to another. An 
alternative embodiment of the drop down bridge 320 would be the transition tube 132 as 
described above, in which a straight through flow path is utilized. This design is most useful 
in combination with a three-way valve and two adjacent flow bridges 50. The transition tube 
132 may be connected to the middle port of the valve for providing purge gas to the valve 

30 from the lower substrate level. 

In order to facilitate the sealing between the port 326 of the drop down bridge 320 and 
the ports 16,18 of a flow bridge 50 located within the lower substrate level 316, optional 
drop down clip 350 may be used as shown in Figures 22A-C in order to retain the seal 60 in a 
sealing relationship with the port 326. The drop down clip 350 facilitate proper location of 



the seal 60 between the mating ports. The drop down clip 350 comprises a flexible C shaped 
flange which is received upon the flange 352 of the drop down bridge 320. Optional cutouts 
354 allow for greater flexibility in installing the clip 350 upon the flange 352. In order to 
install the clip 350 upon the flange 352, first the seal 60 is mounted upon the lower rim 356 
5 by inserting the seal 60 through the opening 358. Next, the flange 352 of the drop down 
bridge 320 is inserted though opening 358 such that the flange 352 engages the upper rim 359 
of the clip 350. An alternative embodiment 360 of the drop down clip is shown in Figures 
23A-B. In this embodiment, the upper rim 362 engages the flange 352 of the drop down 
bridge 320, but allows the clip 360 to be installed from either the side opening or from the top 
10 opening of the clip onto the bottom of the bridge 320. Figure 24A shows yet another 
embodiment of the drop down clip 370 which is received within a cylindrical recess 372 of 
the drop down bridge 320. The clip 370 is shaped similarly to the drop down clip 350 as 
shown in Figures 22A-C, but without the upper rim 359. The clip 370 is inserted within the 
recess 372 of the bridge 320 after the seal 60 has been inserted therein, and is slightly 
15 compressed such that it is retained within the recess due to a spring like action. Finally, 
Figures 24B and 24C illustrate yet another embodiment of the drop down clip 380 which 
utilizes a plurality of circumferential tabular ends 382 which retain the clip 380 onto the outer 
diameter of the tubular extension 324 of the drop down bridge 320 due to a spring like action. 
The circumferential indents 384 retain the seal within the clip 380 utilizing hoop stress. The 
20 indents 384 form a diameter which is slightly smaller than the diameter of the seal forming an 
interference fit which results in the seal being retained in the retainer clip 380. Any of the 
above described embodiments of the drop down clip may be comprised of any flexible 
material such as plastic or metal. 

As described above, the lower substrate layer 316 comprises a plurality of flow 
25 bridges 50 and/or multiport flow bridges 400 as shown in Figures 20A-C and Figure 21 . The 
multiport flow bridges 400 comprise one or more inlet ports 402 and one or more outlet ports 
404 which may be in fluid communication with ports from a drop down bridge 320 in the 
upper substrate level 314. The multiport flow bridge 400 may be formed of two elbow 
fittings 52 having a rectangular-shaped body and a midsection 410 having preferably a 
30 rectangular shaped body with an internal straight through flowpath with one or more ports 
404. Additionally, the multiport flow bridge 400 may also comprise a standard end fitting 46 
such as a VCR-type fitting instead of an elbow fitting 52. 

The lower substrate layer 316 may comprise channel blocks 40 of varying lengths 
having slots 412 for receiving heating elements (not shown). The channel blocks 40 are 
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secured to the channel blocks located in the upper substrate layer 316 via fasteners 422 which 
are positioned within holes 414 of the upper channel blocks and into aligned holes 416 of the ' 
lower channel blocks 40. This allows the channel blocks 40 to be disconnected from the 
upper substrate layer and slid out from below, allowing for easier accessibility. 
5 Figure 25B illustrates an alternative embodiment of the channel blocks 500 having 

tabular flanges 502 which intermesh or interlock with adjacent recesses 504 of an adjacent 
channel block. The tabular flanges 502 have mounting holes 506 for receiving fasteners (not 
shown) therein. The interlocking of the tabular flanges 502 allow the blocks 500 to be 
closely spaced, while allowing the fasteners to be accessed without the need to remove the 

10 surface mounted flow components 12-14. The lower substrate channel block 40 may be 
secured to the channel block 500 via fasteners secured in diagonally opposed holes 508. 
Thus the entire channel block 500 complete with fluid components 12-14 mounted thereon 
may be removed from the assembly as the fasteners securing the blocks 500 to the support 
blocks 312 and to the lower level substrate 316 are completely accessible via the tabular 

15 flanges 502. 

In another aspect of the invention as shown in Figure 26 and 27A, the flow bridges 50 
or multiport flow bridges 400 may be secured to the channel blocks 40 of the upper substrate 
level 316 via straps 550. The straps 550 may be of varying lengths, and have a channel 552 
formed therein for receiving and supporting the flow bridged 50 and the multiport flow 

20 bridges 400. The straps may be secured to the channel blocks 40 via fasteners 554 or any 
other method apparent to those skilled in the mechanical arts. The channel block 40 may 
optionally comprise recesses 556 for receiving the multiport flow bridges 400 or the flow 
bridges 50 partially therein. 

Some applications of gas manifold systems require heated gas which is accomplished 

25 by heatiing elements 570 provided in slots of the modular block manifolds such as in slot 560 
of channel block 40. Other heating elements such as heating tape may be used as well. 
Heating of the gas path components 40,50 will result in thermal expansion if the components 
are made of different materials. It is preferred for semiconductor systems that the flow 
bridges 50 comprise semiconductor quality material as previously discussed, while aluminum 

30 may be preferably utilized for the manifold channel blocks 40. The aluminum channel blocks 
40 will thermally expand at a greater rate than the steel flow bridges 50 resulting in a gap 
between the flow bridges 50 and the mating port of the surface component 12 or a component 
in the upper substrate level. As shown in an exaggerated manner in Figure 29A, the system 
may be designed to be preloaded in order to compensate for the thermal expansion. In order 



to accomplish this, the height of the flow bridges 50 or the multiport bridges 400 is made 
slightly greater than the height of the channel, such that when the system is heated to its 
operating temperature, the upper surface of the flow bridge 50 or multiport bridge 400 is 
flush with respect to the upper surface of the channel, as shown in Figure 29B. Additionally, 
5 the bolts 22 are preloaded such that when the system is heated to its operating temperature, 
the bolts have a sufficient tension therein. 

Other ways to compensate for thermal expansion are shown in Figures 27B-C. A 
stamping 580 having a channel formed therein for receiving a multiport bridge 400 or flow 
bridge 50. The channel 582 has a raised protrusion 584 which has a spring like action. The 

10 stamping 580 is preferably made of steel, and is supported between two brackets 600 also 
preferably made of steel. The stamping 580 and brackets 600 may be secured by fasteners to 
the above substrate level, which can be made of a different material such as aluminum. In 
order to compensate for the thermal expansion of the system, the height of the flow bridges 
50 or the multiport bridges 400 is made slightly greater than the height of the channel of the 

15 stamping, which results in deformation of the raised protrusion due to its spring-like 
characteristic. Thus when the system is heated to its operating temperature, the upper surface 
of the flow bridge 50 or multiport bridge 400 will be flush with respect to the upper surface 
of the channel as the raised protrusion 584 returns to its original shape. Thus the raised 
protrusion 584 acts as a spring which raises and lowers the flow bridge 50 or multiport 

20 bridges 400 in order to compensate for the thermal expansion mismatch between the upper 
substrate level and the lower substrate level. Alternatively, the stamping may be made 
having a U shaped channel with a spring 590 placed therein as shown in Figure 27C. Any 
spring may be utilized such as for example, a wave spring. Figure 27D illustrates another 
aspect of the invention similar to figure 27B but with the spring removed and the corners 603 

25 cutaway as shown in Figure. 27D. The stamping 580 acts as a "spring" due to the lessened 
engagement of the stamping corners 581 against the corners 605. Thus the stamping 580 acts 
as a cantilevered spring in which the corners 581 can flex downwardly to allow room for the 
larger multiport bridge 400. As the system is heated, the metal stamping undergoes thermal 
expansion at a greater rate than the multiport bridge 400, thus causing the metal stamping to 

30 unload as described above. 

Figure 28 illustrates yet another embodiment of the invention in which the upper 
substrate level 316 is formed of two different materials. As shown in Figure 28, a base plate 
610 forms a U shaped channel block together with side bars 620 forming side walls 622. The 
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base plate 600 may be formed of a steel or metal material, while side walls 620 are formed of 
different lighter weight and less expensive material such as aluminum. The use of the steel 
side bars 620 together with the steel plate 610 result in a channel block having a reduced 
thermal expansion mismatch with the flow bridges 50 formed of a SCQ material. 

Figures 30A and 30B illustrate still another embodiment of the channel block 700. As 
shown in the figures, a lightweight, inexpensive alternative in forming a channel block 700 
may be accomplished by using a base plate 710 which may be formed of sheet metal, 
together with sidewalls formed of somewhat U-shaped sheet metal stampings. A recessed 
region is provided in order to allow fasteners to secure the sidewall structure to the baseplate 
while allowing the head of the fasteners to be flush with the upper surface of the flow bridges 
50 or multiport bridges 400 when mounted in the channel. Figure 30B is a variation of Figure 
30A, in which an upper stamping 730 having outer walls and a U shaped channel formed 
therein mates with a lower base plate having flanged ends which are welded to the interior of 
the outer walls. 

While the preferred embodiments of the invention has been illustrated and described, 
it should be understood that variations will become apparent to those skilled in the art. 
Accordingly, the invention is not limited to the specific embodiments illustrated and 
described herein, but rather the true scope and spirit of the invention are to be determined by 
reference to the appended claims. 



We claim: 



21 
Claims 



1. A bridge fitting for use in a fluid manifold system for being in fluid communication 
5 with one or more fluid components, such as valves, regulators, pressure transducers, mass 

flow controllers, and the like, the bridge fitting comprising: 

a first fitting connected to a second fitting, with said connected fittings having an 
internal fluid passageway therethrough; said internal passageway of said bridge fitting having 
an inlet end and an outlet end, with said inlet end in fluid communication with an outlet port 
10 of the first fluid component, and said outlet end of said bridge fitting in fluid communication 
with an inlet port of a second fluid component. 

2. The bridge fitting of claim 1 further comprising a plurality of metallic seals interposed 
between and sealing the internal passageway of the bridge fitting with the port of the fluid 

15 component. 

3. The bridge fitting of claim 1 wherein the bridge fitting has a U shaped fluid 
passageway. 

4. A bridge fitting for use in a fluid manifold system for being in fluid communication 
with three or more fluid components, wherein one or more of said fluid components has a 
single port, the bridge fitting comprising: 

a first and second elbow fitting having a respective end connected to a tee fitting; said 
tee fitting being located between said elbow fittings; each of said elbow fittings and said tee 
fittings having an internal fluid passageway in fluid communication with each other; 

said internal passageway of said fittings having an inlet end and a first and second 
outlet end, with said inlet end in fluid communication with an outlet port of the first fluid 
component, and said outlet ends of said fluid passageway being in fluid communication with 
an inlet port of a second and third fluid component, respectively. 

5. A modular fluid manifold for connecting with one or more surface mount type fluid 
components having an inlet port and an outlet port, the modular system comprising: 
one or more bridge fittings having an internal fluid passageway therethrough; said internal 
passageway of said bridge fitting having an inlet end for connecting to an outlet port of the 
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first fluid component, and an outlet end for connecting to an inlet port of the second fluid 
component, whereby said internal fluid passageway of said bridge fitting is in fluid 
communication with said first and second fluid components when the system is assembled. 

5 6. The modular manifold of claim 5 further comprising: a backing plate for supporting 
said bridge fittings in a closely spaced manner and mounting said fluid components thereon, 
wherein said backing plate supports and connects said bridge fittings to said fluid 
components. 

10 7. The modular manifold of claim 5 wherein said backing plate further comprises a 
groove for insertion of said bridge fittings therein in a closely spaced manner. 

8. The modular manifold of claim 5 further comprising one or more seals for sealing the 
connection between said ends of the bridge fittings and the ports of the fluid components. 

15 

9. The modular manifold of claim 5 further comprising a locator plate mounted between 
said fluid components and said backing plate; said locator plate further comprising aligned 
holes for mounting said fluid components thereon; said locator plate having port holes 
aligned for receiving said inlet and outlet ends of said bridge fittings therein such that said 

20 inlet and outlet ports of said components are in fluid communication with said inlet and outlet 
ends of said bridge fittings. 



10. The modular manifold of claim 9 wherein a recess for receiving a gasket is provided 
between the locator plate upper surface and the inlet and outlet ends of said bridge fittings. 

25 

1 1 . The modular manifold of claim 1 0 wherein said gasket is metal. 



12. A modular fluid manifold for connecting with one or more fluid components 
comprising an inlet port and one or more outlet ports, the manifold system comprising: 
30 one or more bridge fittings having an inlet end and an outlet end and an internal passageway 
joining said ends therethrough; 

a locator plate having an upper surface for mounting said fluid components thereon 
and a plurality of holes aligned with the inlet and outlet ports of said fluid components; 



23 

said locator plate having a lower surface for mounting said bridge fittings thereto; ^ 
said inlet end of each of said bridge fitting being in fluid communication with an outlet port 
of a fluid component, and an outlet end of each of said bridge fittings being in fluid 
communication with an inlet port of another fluid component 

5 

13. The modular system of claim 12 wherein a recess for receiving a gasket is provided 
between the locator plate upper surface and the inlet and outlet ends of said bridge fittings. 

14. The modular system of claim 13 wherein said gasket is metal. 

10 

15. The modular system of claim 12 wherein retaining clips are provided to secure said 
bridge fittings to said locator plate. 

16. The modular system of claim 12 wherein said ends of said bridge fittings are press fit 
1 5 into said holes of said locator plate. 

17. The modular system of claim 12 wherein one or more of said bridge fittings further 
comprise a tee fitting located between a first and second elbow fitting; said tee fitting and 
said elbow fittings having an internal fluid passageway - in fluid communication with each 

20 other; said tee fitting having a port opposite of said elbow fitting ports, and aligned to mate 
with a bridge fitting of another layer. 

18. A modular flow system for supplying fluid to gas flow components such as valves, 
filters, mass flow controllers and the like having an inlet port and an outlet port, the system 

25 comprising: 

one or more bridge fittings having an inlet port and an outlet port wherein said inlet 
port of said bridge fitting is connected to the outlet port of said flow component, and 
the outlet port of said bridge fitting is connected to the inlet port of an adjacent flow 
30 component; 

one or more channel blocks forming a first substrate layer and having a groove therein 
for receiving said bridge fittings; 
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said bridge fittings having an exterior shape such that said bridge fittings do not rotate 
when placed within said groove. 



19. The flow system of claim 18 wherein one or more of said channel blocks further 
comprise a cross channel branch for receiving flow bridges therein for directing fluid from 
one channel block in one row to another channel block in another row. 

20. The modular flow system of claim 18 further comprising a second substrate layer 
having 

a groove therein for receiving one or more flow bridges, each of said bridges having an inlet 
port and an outlet port. 

21. The system of claim 18 wherein said groove of said first substrate layer having 
aligned holes with said ports of said flow bridges in said second layer, 

at least one of said flow bridges in said upper substrate layer having a port which is received 
in said channel hole and being in aligned sealing engagement with a port of a flow bridge 
whereby fluid may flow from one substrate layer to another. 

22. The system of claim 19 wherein said second substrate level is comprised of one or 
more channel blocks having a channel formed therein; said blocks being mounted to said first 
substrate layer. 

23. The system of claim 19 wherein said second substrate level is comprised of one or 
more multiport flow bridges. 

24. The modular flow system of claim 18 further comprising a second substrate layer 
comprised of one or more flow bridges, each of said bridges having an inlet port and an outlet 
port; said flow bridges being secured to said channel blocks of said first substrate layer by 
straps having a groove therein for receiving said bridges. 



25. A modular flow block for use in a modular flow system comprising: 

a block having tabular ends for securing said blocks; said tabular ends being staggered for 

interlocking said tabular ends with tabular ends of an adjacent block. 



25 

26. A drop down bridge fitting for use in a modular flow system, the fitting comprising: 

a fitting having an upper substrate port for connecting to an aligned port of a fluid 
component, and an elbow shaped fluid passageway connected to an opening of a tee fitting; 
said tee fitting having an internal fluid passageway ending in an upper substrate port and an 
5 opposed lower substrate port wherein fluid flow may be directed from one substrate level to 
another substrate level. 

27. A modular flow system comprising: one or more modular blocks having a channel for 
receiving one or more flow bridges therein; said flow bridges being formed of a material 

10 having a coefficient of thermal expansion less than the material of said channel; said flow 
bridges being received in said channel and having a top surface a specified distance greater 
than the top surface of said channels in an unheated condition; one or more surface mount 
components having flanges mounted to the surface of said channel with fasteners; said 
fasteners being preloaded to a specified tension wherein said system is preloaded so that 

15 when said system is heated to a specified temperature said height of said channel top surface 
becomes about flush with said top surface of said flow bridges. 

28. A modular flow system comprising: 

20 one or more stampings having a channel formed therein for receiving one or more 

flow bridges therein, with a bottom wall of said channel having a springlike raised protrusion 
formed therein; 

said flow bridges being formed of a material having a coefficient of thermal 
25 expansion less than the material of said channel; said flow bridges being received in said 
channel wherein said protrusion is depressed wherein said system is preloaded so that when 
said system is heated to a specified temperature said height of said channel top surface 
becomes about flush with said top surface of said flow bridges. 

30 
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